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Improving the best is 


That’s why you'll now be getting even better 
service on Bound Brook bearings. Through our 
recent alliance with the world-wide organization 
of Birfield Limited, Bound Brook is now unques- 
tionably the world’s leading producer of self- 


lubricated metal bearings. In the future, your 


a Bound Brook habit 


bearing problems will be solved with the benefit of 
technological interchange with the far-flung com- 
panies comprising Birfield—new engineering skills 

.new manufacturing techniques...new data 
on metallurgical research and bearing develop- 


ment. You'll note that even our name is new! 


BOUND BROOK BEARING 


CORPORATION OF AMERICA 
A BIRFIELD COMPANY 


rin Powder Metallurgy 


Bearings and Parts « Plants at Bound Brook, N.J. and Sturgis, Mich. 
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FASTEST 


cylinder response 


with the new 


Oss 


' Hauling 


FLOW - C.F.M. FREE AIR 


PRESSURE DROP - P. S. I. 


These graphs represent one series of tests with a random selected vaive under 
specific conditions of pressure, temperature, humidity, fluid flow and voltage. 


NOW use a small 
valve to doa 
big valve’s work 


These actual test graphs 
speak louder than words. Here 
is the highest capacity valve 
size for valve-size of anything 
on the market. This saves you 
money! It lets you use a smaller 
valve to do a larger valve’s 
work. See your Ross represent- 
ative for details. 


aie Toss Operating Valve Co. 


109 E. GOLDEN GATE AVE. - DETROIT 3, MICH. 


VOLUME - CUBIC INCHES 


06 
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Photograph courtesy of Teer, Wickwire 


For a special kind of toughness 


| Teer, Wickwire | picks Aristoloy 5115 


These drive shafts have a rough life ahead of them. call your nearest Copperweld representative or 
Used in the steering mechanism of trucks and write us direct. We will be happy to study your 
heavy vehicles, they will be subjected to regular problem—and to recommend the best alloy for 
abuse and constant wear. This material, combining your particular application. 

good carburizing potential and hardenability, re- 

sults in a high strength core with excellent surface For complete information about 

wear resistance, Aristoloy alloy, stainless and carbon 

If you have a special problem and would like grades send for NEW PRODUCTS & 

assistance in selecting the right alloy for your job, FACILITIES CATALOG. 





DIVISION OF — 


ARISTOLOY 
COPPERWELD 
SP EELS STEEL COMPANY 











ARISTOLOY STEEL DIVISION + 4017 Mahoning Ave., Warren, Qhio + EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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Anaconda takes to the road with ideas for 
greater values and higher productivity 


We're in the market with ideas. Ideas 
for doing new jobs—like making tran- 
sistor bases and fluid-cooled conductors. 
Ideas for doing present jobs better— 
helping you match the metal to the job 
more precisely so that you can offer equal 
or greater value and reduce total costs. 

These ideas are embodied in Ana- 
conda’s line of copper, brass, and 
bronze mill products, the broadest in 
the industry—and in the vast pool of 
experience and technigal knowledge of 
Anaconda men. 
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To put these ideas to work we’ 
taken to the road with a traveling 
value-analysis clinic, stopping in indus- 
trial centers all over the country. We've 
a truckload of displays representing our 
principal products to serve as starting 
points for discussions of the ideas. 
We're detaching specialists, technical 
men, mill men, executives to discuss 
and explain the ideas with all manu- 
facturers who can attend the clinics. 

We're also busy generating new ideas 
in an aggressive research and develop- 
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ment program. And we plan te make 
available soon small, balanced value- 
analysis teams to go out in the field and 
work with individual company organ- 
izations—make specific suggestions and 
recommendations regarding materials, 
fabricating methods, design, etc. 
Anaconda is on the move. If you 
have problems in which you think a 
new approach might help—call your 
Anaconda American Brass representa- 
tive. Or write: Anaconda American 


Brass Company, Waterbury 20, Conn. 
60106 


AnacondA 


COPPER — BRASS — BRONZE 
NICKEL SILVER MILL PRODUCTS 


Anaconda American Brass Company 
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Boeing's 727: Jet-Age Tri-Motor 


; IRST of a new generation of U. S.-designed jet trans- 

ports, Boeing’s forthcoming 727 is designed specifi- 
cally for short-haul service. Powered by three rear- 
mounted turbofan engines, the new airliner will require 
less field length for takeoff than comparable turboprop 
aircraft manufactured in this country. Through-stop 
performance of the “junior” jet will be enhanced by 
fast turnaround equipment, including integral pas- 
senger stairways. 

Aft engine arrangement on the 727 puts two jets 
outside the fuselage; the third is cowl-enclosed and sus- 
pended from a beam inside. Air duct feeding the third 
engine originates at the base of the vertical fin. 

Leading-edge slats, first used by Boeing in the XB-47 
stratojet (bomber), give the 727 effective low-speed 
performance. They extend forward and down from 
the upper leading edge of the wing at low speeds, 
forming a slot, and retract onto the wing during cruis- 
ing flight. To further enhance low-speed performance, 
the craft’s vertical fin is surmounted by variable-inci- 
dence horizontal stabilizer and elevators. The fin is 45 
in. thick at its forward attachment point. 

Scheduled to go into airline service sometime in 
1963, the 727 is shorter and less hefty than the 707, 
but is nonetheless a big airplane. It has the same 
fuselage width as the larger craft, putting it on equal 
footing as far as passenger luxury is concerned, 


Permission to use the patented 
three-engine configuration was ob- 
tained by Boeing from Sud Aviation, 
French builder of the Caravelle. 


Size and Performance: 727 vs. 707 








727 707-220 





Gross weight (lb) 
Wingspan (ft) 
Length (ft) 
Thrust, max (lb) 
Speed (mph) 
Range, max (miles) 
Passenger capacity 


142,000 248,000 
108. 130.8 
114. 144.5 

14,000 X 3 17,500 X 4 

550-600 550-630 
1700 4000 

70-114 100-179 
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HOW OILGEAR HOLD-DOWN AWD LIFT SYSTEMS 
USER: Scott Paper Company, Chester, Pa.; Everett, W 


PROBLEM: To supply hold-down and lift systems for 
rolls on paper machines, paper ccating machines, super 
calendars, laminating and similar processing machines 
— that can be accurately controlled from a simple re- 
mote conirol panel. 


USER REQUIREMENTS: 1. Provide constant, uniform, pre- 
set roll pressures. 2. Smooth lowering and/or forcing 
of pressure rolls downward to avoid damage, such as 
fracturing or flatting. 3. Fast, easy, positive selection 
of such functions as “Lower,” “Hold Down,” “Release,” 
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SOLUTION: Oilgear Application-Engineered Hold-Down 
and Lift Systems consisting of Oiigear Heavy-Duty, 
Constant or Variable Displacement Pumps that supply 
Fluid Power to Oilgear “Custom-Quality” Cylinders 
through separate Oilgear Valves on a remote control 
panel — provide smooth, positive motion and steady, pre- 
set holding pressures. Cylinders can be mounted directly, 
or through mechanical linkage, to pressure roll bearing 
ends. Simplicity of pump drive and installation keep 
machine cost at a minimum. Remote Control Panel pro- 
vides fast, positive selection of all functions — operator 
can “Lift,” “Hold Up,’ “Release,” “Lower,” “Hold 
Down” — at any time; accurately, infinitely vary pres- 
sure on either end of each roll independently, and have 
constant, direct-reading, visual indication of pressure and 
force being exerted at bearing ends of each roll. 


ONE USER STATES —“The control panel indication is so 
accurate that a worn, ‘off-balance’ or out-of-round roll can 
be readily detected.” 


Another User Reports — “Oilgear is far superior to other 
systems ...direct gage readings have enabled us to ex- 
periment with varying degrees of pressure on the rolls, 
so that we can operate with less pressure than we hither- 
to thought feasible. This has resulted in improved prod- 
uct quality and longer roli life.” 

Please direct inquiries to adve 


ar Application-Engineering Files 


Typical Application-Engineered Fluid Power Hold-Down 
and Lift System For Tissue and Paper Toweling Machines. 


REPORT 

NO. 12,108 
OILGEAR 
HOLD-DOWN 
| AND LIFT 
<<4 SYSTEMS 
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INCREASE ROLL LIFE—IMPROVE PRODUCT QUALITY 
’ash.; Mobile, Ala.; Fort Edward, N.Y. 


“Lift,” “Hold Up,” “Off.” 4. Accurately, infinitely vary 
the pressure on either end of each roll independently 
over a wide range, at any time, to balance the opposing 
forces created for most efficient machine operation and 
product quality. 5. A direct-reading, constant, visual 
indication of the pressure and force exerted on either 
end of each roll. In addition, the systems must be 
simple .. . clean . . . easy to install and maintain... 
facilitate replacement of worn rolls . . . trouble-free, de- 
pendable, heavy-duty, for continuous, ’round-the-clock 
operation. 
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Top Photo: One of the Oilgear Hold- 
Down and Lift System Control Panels 
as installed with each of Scott Paper 
Company's two, new tissue machines 
in their Southern Division Mill, Mobile, 
Ala.—symbolized in the schematic draw- 
ing, left. Daily production from these 
machines averages 200 tons of Scott’s 
bathroom tissues, toweling and wipers 
for household and industrial use. Right: 
A typical Oilgear Heavy-Duty “Power-Pak”—Variable Displacement Pump, elec- 
tric motor drive, and reservoir base — used with Hold-Down and Lift Systems. 
Oilgear is no “stranger” in the paper industry . . . other Oilgear 
Linear Drives are in operation on pulp log splitters and pulp 
baling presses. Similarly, the highly efficient, long-life, Oilgear 
Heavy-Duty Variable Speed Rotary Drives are compiling en- 
viable records on special purpose paper machine sections... 
on complete paper machines...on multi-color printing press 
drives ... or unwinder and winder drives . . . on laminating and 
coating machine drives. It’s well worth your while to consider 


Oilgear — “for the lowest cost per year!” 


For practical solutions to YOUR linear or rotary motion 
problems, call the factory-trained Oilgear Application-Engineer 
in your vicinity. Or write, stating your specific requirements, 
directly to... 


THE OILGEAR COMPANY 


Application-Engineered Fluid Power Systems 
1568 WEST PIERCE STREET * MILWAUKEE 4, WISCONSIN 
Phone: Mitchell 5-6715 . . . Direct Distance Dialing Code — 414 
rtiser, mentioning MACHINE DESIGN 





ENGINEERING NEWS 


New All-Organic Fiber Stays 
Flexible at Flame Temperatures 


St. Paut, Minn.—Plasma-jet tem- 
peratures of 18,000 F won’t melt an 
all-organic fiber developed by Min- 
nesota Mining and Manufacturing 
Co. Woven as a heat-resistant fab- 
ric, the new fiber (called Pluton) 
has potential uses as liners for 
rocket-motor cases, anti-arc wraps 
in electrical powerplants, and light- 
weight protective curtains in build- 
ings, mines, or steel mills. 

Worked into laminates reinforced 
with high-temperature phenolic re- 
sins (approximately 50-50 combina- 
tion), Pluton is suitable for struc 
tural parts like missile nose cones. 
The fiber is entirely free of elemen- 
tal carbon and conducts very little 
heat, according to 3M. 

Other fibers now under develop- 
ment are designed to give any de- 
gree of thermal and electrical con- 
ductivity when mixed with high- 
temperature phenolics. 


Ten-ply laminate of fiber (top, right), 
reinforced with phenolic resin, with- 
stands 5000-F flame, shows excep- 
tionally low conductivity. Molten steel 
poured into fabric (right) solidifies 
without burning a hole 


Micro-Joiner Makes Miniature Welds 


Lone Istanp Crry, N. Y.—Heatless welding 
and fluxless soldering of wire leads as small 
as 0.0001 in. diam are practical operations 
with a new table-size ultrasonic unit. Built 
by Cavitron Corp., the micro-joining kit con- 
sists of a transducer hand piece and four 
basic inserts, including attachments for tweezer 
welds, ball modification of the tweezer insert, 
spot-welding insert, and a vibrating table. 

Micro-soldering without flux is done with 
a special heating transformer, soldering iron, 
and attachments for hot-plate soldering. 


Microphotograph shows 
weldment of 0.001-in. cop 
per-plated nickel-alloy wire 
on 0.003-in. aluminum foil. 
Operator is using a ball 
modification of the tweez- 
er-weld attachment. Al- 
though any ultrasonic gen- 
erator can be used, Cavi- 
tron will market a unit 
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How to make 
your forged parts 
| this uniform... 
without mirrors 


There’s no trouble making your 
forged parts as uniform as their 
own reflections. Not when you 
make them from Timken® fine 
alloy steel forging bars. Timken 
steel is uniform in chemistry and 
structure from heat to heat. And 
this outstanding uniformity saves 
you interrupting your forging 
operations to make costly adjust- 
menis. Result—uniformity in your 
forged parts and savings for you. 


We can assure uniformity in 
Timken steel because of quality 
control, individual handling of 
your order, exacting and careful 
inspection. For the greatest re- 
turn from your modern forging 


' operations, specify Timken steel 


forging bars. And for expert help 
on your tough steel problems, call 
or write: The Timken Roller Bear- 
ing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable: 
‘“‘Timrosco’’. Makers of Tapered 


-*Roller Bearings, Fine Alloy Steel 


and Removable Rock Bits. 





ENGINEERING NEWS 


Brass reclamation will be a thing of the past for the 
Army when the plastic cartridge case enters service. 
Less susceptible to handling damage than a brass 
case, the plastic version aiso is safer: It will not ex- 
plode if hit by bullets or shell fragments. 


Army Shoots the Works on Materials 
A DISAPPEARING CARTRIDGE case and a 


frameless trailer are new Army developments made 
possible by the astute application of materials. 
The cartridge case, developed by Picatinny Ar- 
senal and Armour Research Foundation, is com- 
pletely combustible. Made of plastic, it weighs 1/10 
as much as a conventional brass unit. The case 
was designed primarily for use in tank guns, where 
it will eliminate two notorious nuisance problems— 
the litter of hot spent cases rolling around on the 
floor of the tank’s fighting compartment, and noxi- 
ous gases released inside the turret after each firing. 
Army’s new frameless trailer is a semi-mounted 
2000-gallon tanker. Mounted on a standard ord- 
nance axle assembly and made of aluminum, it 
carries 500 gallons more than a steel tank assembly 
of the same weight. Built by Standard Steel Works, 
North Kansas City, Mo., the trailer is insulated and 
heater equipped, making it suitable for arctic or 


Frameless tank trailer needs no protective interior 
lining, as does a steel unit. Built principally of 
3003-H 14 aluminum, it weighs 6400 Ib, is normally 
towed by a 21/2-ton tractor. 


desert operation. 


Cut-Rate U-235 Not Likely, Says AEC 


WasHiIncton—During the past few 
weeks, considerable alarm has been 
sounded in various governmental 
circles regarding the nuclear capa- 
bility of certain foreign nations. It 
was noted, in particular, that 
several European countries are ac- 
tively experimenting with the gas- 
centrifuge process to produce weap- 
ons-grade (U-235) material. 

The following remarks, issued by 
the U. S. Atomic Energy Com- 
mission, tend to play down the situ- 
ation, while leaving the door open 
for speculation: 

The gas-centrifuge theory calls 
for uranium in gaseous form 
(uranium hexailuoride) to be passed 
through high-speed centrifuges. The 
slight difference in the weights of 
U-238 and U-235 isotopes will, 
theoretically, cause them to separate. 


10 


The process is immensely complex, 


however, because fissionable U-235 
constitutes only 0.7 per cent of na- 
tural uranium (U-238). The other 
99.3 per cent is of no use for 
weapons. 

Biggest advantage of the gas- 
centrifuge process is that it requires 
very little electrical power in com- 
parison to other processes. Also, a 
production plant using the centrifuge 
method could be simply housed and 
would not be easy to detect. 

A review by the AEC of available 
information on the gas-centrifuge 
machines built both here and abroad 
indicates that they cannot be used 
in a production plant without 
further development work, Even 
after substantial improvements have 
been made, thousands of gas centri- 
fuges probably would be required 


to produce enough enriched uranium 
for one crude weapon per year. 

Problems still must be solved be- 
fore a satisfactory process is pos- 
sible with the current centrifuges: 
@ Reliability of the present experi- 
mental machines for continuous, 
long-term service with uranium hex- 
afluoride must be proved. 
@ A model of the machine satis- 
factory for mass production of 
identical units must be developed. 
@ A method is needed to introduce 
and remove the gas when the ma- 
chines are grouped, as they would 
be in a production plant. 
@ The auxiliary processes, services, 
and instrumentation necessary for 
plant operations have to be de- 
termined. 

None of these problems is simple 
to solve, but none is impossible. 
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FACILITIES 


J PONE MORE WAY HYDRECO SERVES YOU BETTER! Yes, these testing 
DP Facilities are typical of the most modern precision equipment used in our 
experimental laboratory. They permit life testing and calibration of hydraulic 
pumps, motors and valves far beyond that required by most mobile 
and industrial equipment in use today. 


With the aid of equipment like this, new designs, new techniques, new concepts 
of hydraulic application are being constantiy created at Hydreco. No wonder 
Hydreco engineers are maintaining performance and reliability standards 
unsurpassed in the field of hydraulic components. 


If you build construction equipment or machines for agriculture and industry, keep 
these unique facilities in mind. Remember, it’s one more way Hydreco serves you better! 


HY DRECO bivisio 


THE NEW YORK AIR BRAKE COMPANY 


KALAMAZOO ° ; MICHIGAN 
VALVES MOTORS 
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Deflecting Floorboards Control Experimental Car 


Derrorr — An automobile that 
doesn’t need brake or accelerator 
pedals highlighted a recent dem- 
onstration by Bendix Corp. of 
what’s new in automotive develop- 
ments. Other innovations _pre- 
sented by the company included a 
new idea in power steering and a 
split-brake system. 

Feet on the Floorboards 

It’s merely a matter of time be- 
fore brake and accelerator pedals 
become as obsolete as the hand 
crank, Bendix engineers claim. Key 
to the no-pedal auto is a segment- 
ed but completely unobstructed 
floorboard arranged so that mod- 
erate pressure on two of its sections 
provides accelerating, slowing, and 
stopping functions. On the driver’s 
side, the floorboard includes two 
special panels; the right one hooks 
up to the accelerator and the left 
to the brakes. 

In the experimental car demon- 
strated, the brake board moves one 
eight of an inch, and the accelera- 
tor moves slightly more than one 
inch. The system gives the driver 
a firm-pedal feel, avoiding the pos- 
sibility of oversensitive controls: The 
driver must exert the same brak- 
ing force as in a standard car. 

The brake segment of the floor- 


board meters a valve that controls 
flow of fluid to the brakes. A 
pump in the system provides 2000 
psi pressure in an accumulator, and 
the accumulator maintains braking 
pressure even when engine and 
pump are not operating. 

If power should fail, increased 
foot pressure causes the brake 
“pedal” to move into a well be- 
neath the floorboard. A standard 
master cylinder goes into operation 
and the brakes operate as_ they 
would on a normal car. 

Bendix claims two important 
safety advantages for the system: 
e It cuts down the time required 
for driver response to danger (he 
does not have to lift his foot to 
the brake pedal). 

e Pressure developed is more than 
adequate to operate the brakes, 
even under the most extreme con- 


ditions of brake fade. 


Sports-Car Steering 

The new steering system gives 
a standard car the maneuverability 
of a sports car, according to Bendix 
engineers. The system, called 
Varamatic steering, features a vari- 
able ratio. In straight-ahead posi- 
tion, the ratio is at its maximum 
of 22 to 1. 

To furnish direct, positive, and 


Danish Diesel 
Develops 21,000 Bhp 


A ten-cylinder, two-stroke marine die- 
sel engine built by Burmeister & Wain, 
Copenhagen, Denmark, develops 
21,000 bhp at 110 rpm. It may be 
operated at 10 per cent overload con- 
tinuously and at 20 per cent for limited 
periods. Cylinder bore is about 33 in.; 
length of stroke, almost 71 in. Ata 
mean indicated pressure of 135 psi, the 
output of the turbocharged engine is 
165 per cent that of a nonturbocharged 
model of the same cylinder dimensions. 
Mechanical efficiency with full turbo- 
charging is as much as 90 per cent. 
The engine weighs 830 tons. 


quick car control, and to increase 
driving ease and safety, the system 
combines a variable-ratio gear with 
a power cylinder. It reduces park- 
ing and maneuvering turns by 60 
per cent, while providing firm, safe 
steering-wheel feel during, high- 
speed driving. 

Bendix spokesmen claim the sys- 
tem may eventually lead to a 
change in the shape of steering 
wheels. It makes practical handle- 
bar grips and half wheels similar 
to airplane controls. 


Split Brakes Can’t Fail 


The new brake system provides 
a safety factor many times greater 
than that offered by present car 
and truck brakes. Bendix design- 
ers claim it offers the most effec- 
tive and practical method of de- 
signing for invulnerability to hy- 
draulic leaks. 

Unlike ordinary hydraulic-brake 
components, the master cylinder 
contains two pistons that operate 
independently. One piston pres- 
surizes the front brakes, the other 
provides pressure for the rear. If 
either of the two independent hy- 
draulic systems should fail, the 
other one can supply emergency 
stopping power to the remaining ef- 
fective brake set. 
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N TORRINGTON SPHERICALS ... 
NO COMPROMISE WITH QUALITY 


The spherical design concept of Torrington Spherical Roller Bearings means superior 


performance and outstanding service life under the toughest operating conditions. 
It means inherent self-alignment, high radial and thrust load capacity, low friction. 
It allows compensation within the bearing for both dynamic and static misalignment. 

Roller guidance is positive and accurate...is assured by grinding roller ends and 
center guide flange surfaces to a common spherical radius. Results are truer rolling 
motion, minimum friction and higher degree of geometric stability. Bearing opera- 
tion is cooler, quieter, smoother. 

If you’re looking for outstanding bearing performance and bearing value, you 
should specify Torrington Spherical Roller Bearings. Backed by Torrington’s un- 
compromising experience in engineering and manufacturing every basic type of 
anti-friction bearing, their quality is unmatched. 
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TORRINGTON 
Spherical Roller Bearings 
Offer: 


inherent self-alignment 


conformity of rollers to 
raceways 


* integral center guide flange 
for stability 


positive roller guidance 
* land-riding bronze cages 
* maximum radial and thrust 
capacity 
* controlled internal clearance 
* electronically selected rollers 
* even load distribution 


* long, dependable service 
life 
send for new 
Torrington Spherical Roller 
Bearing Catalog *258 


TORRINGTON BEARINGS 
THE TORRINGTON COMPANY South Bend 21, Indiana * Torrington, Conn. 
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Laboratory Curiosity Tries Out for a Cooling 


Cuicaco—The Hilsch Tube, an 
aerodynamic “cream separator” that 
has long intrigued gas dynamicists, 
may be the heart of a new aircraft- 
refrigeration system. It’s being de- 
veloped as an electronic-component 
cooler by Hallicrafters Co. 

The device uses shock compres- 
sion to centrifugally separate low- 
energy molecules from an air stream. 
Air behind the shock is pushed into 
an inlet resembling that of a ram- 
jet engine. From the inlet, air 
enters the Hilsch Tube tangentially 
and is spiralled into a vortex. A 
strategically placed orifice bleeds 
off the low-energy (dense) particles 
for equipment cooling; hot mole- 
cules that remain are ducted over- 
board. A valve in the hot line ef- 
fectively regulates temperatures 
downstream of the orifice. 

Calculations show the Hilsch 
Tube can separate out 65 per cent 
of the ‘nlet air. This low-density 
(cool) air is more than adequate 
for the electronic-cooling require- 
ments of aircraft. 

Aiiowing for considerably less 
than ideal performance, Halli- 
crafters engineer Richard L. Turner 
believes the simplicity of the vortex 
tube promises sufficient savings in 
weight, space, power, and cost to 
make the device a strong contender 
for future aircraft-refrigeration de- 
signs in electronic applications. 


Contro! valve 





Shock wave 


Shock-compressed 
air 


Hot air to 
exhaust 


Cold air to 











Section A-~A 


Compressed air behind a Mach-2 shock wave—at 474-F stagnation tempera- 


ture—is too hot for direct cooling of electronic equipment. 


The Hilsch Tube, 


housing a controlled vortex, centrifugally separates such inlet air into hot and 


cool streams. 
hotter 


Spin Stops Convection Heat Transfer 


IrHaca, N. Y.—While searching for 
new ways to cool space vehicles, a 
Cornell University professor and his 
colleague recently discovered heat 
transfer by natural convection can 
be stopped by spin. They are now 
gathering data with various liquids 
and are developing a_ universal 
formula for calculating convection 
cooling of any space craft spinning 
at a given rpm. 

The project, undertaken by Cor- 
nell’s Prof. David Dropkin and 
Avco Mf z. Corp.’s Samuel Globe, is 
set up to simulate conditions that 
will be encountered by vehicles re- 
entering the earth’s atmosphere. By 
spinning cylindrical containers about 


14 


a vertical axis, the researchers have 
generated Coriolis forces that retard 
heat transfer. The forces, acting on 
fluid particles that have a horizontal 
velocity component, deflect stream- 
lines in a direction perpendicular 
to both the axis of rotation and 
the direction of particle motion. Dis- 
sipation of energy due to flow is 
checked, closed streamlines are 
lengthened, and heat transfer by 
conduction (layers of different den- 
sities are in contact for a longer 
time) “smooths out the hot spots.” 

Data indicate it is possible to 
completely stop heat transfer by 
convection when the proper spin, 


height of liquid, and liquid flow 


Cooler air (at 131 Fj 
air (at 1100 F) is exhausted to atmosphere. 


is ducted to equipment compartments; 


motion are attained and the “critical 
heat” is applied. With mercury as 
the liquid medium, the scientists 
have succeeded in stopping convec- 
tion heat transfer at a spin rate of 
6 rpm when supplying a heat flux 
of 1725 Btu per hr per sq ft. 

Using a variety of cylindrical con- 
tainers of different sizes, Professor 
Dropkin and physicist Globe are 
conducting experiments with mer- 
cury, sodium, sodium-potassium, and 
other experimental liquid metals. 
The project, part of an Avco re- 
search program on re-entry prob- 
lems, was initially sponsored by the 
Air Force. Since much of the work 
will influence genera} knowledge on 
heat transfer, however, the project 
is now being financed by the Na- 
tional Science Foundation. 
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Added detraction for a juke box: 
Commercials. A patent has been issued 
for a juke box that dispenses advertis 
ing messages until someone gives it a 
dime to play music. 


A variation of seat-of-the-pants fly- 
ing may show up in the jet cockpit. 
For aircraft loaded with instruments 
so numerous they are hard to watch 
and radios that may be drowned by 
engine noise, a “touch” system of 
communication is proposed. In Air 
Force experiments, trained subjects with 
vibrators attached to their fingertips 
have been able to receive processed 
radio messages. A coding system is 
used, rather than direct transmission 
of speech. Accuracy is in the range 
of 85 to 90 per cent. 


After he lands on the moon, a 
spaceman’s first quest is likely to be 
for a glass of water. All he has to do 
is find the right kind of moon rocks 
(some contain 5 per cent water), put 
them in a container, and focus the 
sun’s heat on them with a mirror. 
When the temperature of the water in 
the rocks reaches about 1500 C, it will 
rise in the form of steam, whereupon 
it can be caught and allowed to con- 
dense, forming potable water. Aerojet- 
General Corp. scientists who propose 
the system are confident that the prod- 
uct of such a lunar distillery will be 
know as (what else?) moonshine. 


More mileage is promised to two 
important items of equipment by ure- 
thane coatings, according to Union 
Carbide Chemicals Co. Within a few 
years, golf balls and men’s shoes will 
receive the protection of this mate- 
rial, which will guard against abrasion 
resist dirt, give a long-lasting luster, 
and protect against chemicals and sol- 


vents. 
* e e 


Bulbs on their rims may light the 
way of 1965 or 1970 automobile 
wheels to greater safety and beauty. 
The Goodyear Tire & Rubber Co. is 
experimenting with translucent tube- 
less tires made of specially compounded 
Neothane, a polyurethane rubber. Be- 
cause this material has a low molec- 
ular weight, it can be poured into a 
mold to form tires. Fabric, splices, 
and layers of rubber are eliminated. 
Neothane tires can be dyed to match 


Helpful new booklet suggests 
drafting, engineering shortcuts 


Just published—‘‘ DRAFTING 
SHORTCUTS” is a completely new 
booklet of helpful ideas and aids for 
engineers, draftsmen and students. 
It is well illustrated, clearly and log- 
ically written. It contains a wealth 
of time-saving tips to speed both 
routine and specialized tasks. 

The ideas selected were submitted 
by professionals and judged by an 
impartial panel of widely recognized 
authorities on the various topics 
covered. 

As an example, the section cover- 
ing Calculating Ideas includes a sim- 
ple means of locating stress points 
on cantilevered beams, also a simple 
method for retaining fundamental 
trigonometric relations. 

In the section on Drafting Short- 
cuts, our editors have come up with 
topics like a simplified, fast and easy 
method for drawing gear teeth pro- 
files and a rapid means of showing 
twisted wire elements. 


The Engineering Data section 
covers new, easy-to-use shortcuts to 
formulas <nd engineering data. 

There’s a special section devoted 
to time-saving techniques on the 
drawing board, too. One of the sug- 
gestions on how to make life easier 
for the draftsman tells how to use a 
bent paper clip as a variable guide 
for making section lines. 


For your free copy 
of ‘‘Drafting 
Shortcuts’”’ contact 
your PosT dealer 
or write today to 

the Frederick Post 
Company, 3652 N. 
Avondale Avenue, 
Chicago 18, Illinois. 
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GIAN 


AT WORK 
on 
Double Diamond 
Gears 


ATON 











This huge, continuous, carburizing, 
hardening and draw furnace now 
permits even greater instrument 
control in heat treating DOUBLE 
DIAMONDS for maximum wear 
resistance and load-carrying ca- 
pacity. So far as we can discover no 
more efficient furnace could be 
installed to achieve the quality 
characteristics Gur gear customers 


have come to expect. 











At your request, our gear engineers 
would be pleased to describe this 
process in greater detail and to ex- 
plain, as well, what our recently 
expanded facilities can mean in 
terms of this pledge: “DOUBLE 
DIAMOND Gears offer the ad- 
vantages of lower installed cost and 
economical and dependable service 
on the job...gears that do credit 
to your product and reputation.” 


AUTOMOTIVE GEAR DIVISION 


MANUFACTURING COMPANY 
RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 
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Adhesives, Edit. 149, 171 


Balls, Adv. 105 
Bearings, 
ball, Edit. 165; Adv. 84, 105 
miniature, Adv. 84 
needle, Adv. 92, 93 
roller, Adv. 9, 13, 92, 93 
sleeve, Adv. inside front cover, 169, 193 
Bellows, Edit. 167, 176 
Belts, 
transmission, Adv. 175 
Blowers, Edit. 170; Adv. 86, 194 
Books, Edit. 188 
Brakes, Edit. 192; Adv. 67, 68, 69, 102, 
178, inside back cover 
Brass (see Copper and alloys) 
Brazing alloys, Adv. 80 
Bronze (see Copper and alloys) 
Bushings, 
ball, Adv. 169 


Calculators, Edit. 185 
Cams, Adv. 176 
Capacitors, Edit. 178, 184 
Capstan, Edit. 147 
Castings, 
centrifugal, Adv. 187 
die, Adv. 50, 51, 159, 197 
investment, Adv. 71 
nonferrous, Adv. 50 
sand, Adv. 187 
Chain, 
transmission, Adv. 77, 17] 
Circuit breakers, Adv. 193 
Clamps, Edit. 169; Adv. 58, 200 
Clutches, Edit. 123, 172; Adv. 67, 68, 69, 
102, 178, 184, inside back cover 
Computers, Edit. 23, 34 
Connectors, electric, Adv. 21 
Control systems, 
electric, Adv. 5: 
Controls, 
electric, Edit. 134, 142, 172; Adv. 56, 
57, 78, 79 
hydraulic, Adv. 201 
pneumatic, Edit. 194 


) 


Converters, Adv. 33 
Copper and alloys, Adv. 5, 35 
Counters, Edit. 178, 183 
Couplings, 

fluid flow, Edit. 168, 177 

shaft, Edit. 191; Adv. 166, 189 
Cylinders, 

hydraulic, Adv. 54, 70, @% 


pneumatic, Adv. 54, 70, 101, 182, 206 


Dielectric fluids, Adv. 82, 83 

Drafting equipment, Edit. 187; Adv. 15, 
65, 189, 197 

Drives, adjustable speed, Adv. 62, 158 

Drives, right angle, Adv. 202 


Electric equipment (see specific type) 

Electronic equipment, Edit. 23, 160 

Eli Whitney’s uniformity system, Edit. 108 

Enclosures, Ady. 172 

Engineering department (see Management 
or Drafting) 

Engineers, Edit. 22 

Engines, Edit. 28 


Facilities, general, Adv 
Fans, Adv. 86, 194 
Fasteners, 
bolts, studs, screws, Adv. 
173, 176, 198, 201 
insert, Adv. 159, 186 
nuts, Adv. 104, 173, 197 
pin, Adv. 195 
quick operating, Adv. 74 
Fiber, Adv. 89 
Fillet rolling, Edit. 112 
Filters, Edit. 165 
Fittings, pipe, tube, and hose, Edit. 17% 
Adv. 90, 181 
Forgings, Adv. 46, 47, 96, 103 
Forming, Adv. 196 
Friction materials, Edit. 156 


43, 66, 104, 


Gages, (see also Instruments) 
pressure, Adv. 19 


Gears, Adv. 16, 91, 168, 198, 20i, 202 


Generators, electric, Adv. 33, 60 


Heaters, Edit. 30; Adv. 182 
Hole-position tolerance, Edit. 153 
Honeycomb materials, Edit. 166 
Hose, 
metallic, Edit. 180; Adv. 81 
Hydraulic equipment (see specific type) 


Instruments, Edit. 29, 141, 167; Adv. 192, 
900 


aj 


Lighting, Edit. 165; Adv 


Materials handling equipment, Edit. 29 
Mechanism design, Edit. 126 
Meetings, Edit. 36 
Metals (see specific type) 
Meters, Edit. 124 
Motors (electric) 
fractional and integral hp, Adv. 59, 61, 
62, 179 
gearmotors, Adv. 60 
subfractional hp, Adv. 100, 164, 170 
synchronous, Edit. 182; Adv. 100 164 
Motors, 
hydraulic, Adv. 44, 76 
pneumatic, Adv. 206 


Nickel and alloys, Adv. 35, 55 


Office planning, Adv 


Packings, Edit. 170; Adv. back cover 
Perforated materials, Adv. 45 
Plastics, Adv. 75, 89 

molding, Adv..31, 75 
Plugs, Edit. 179 
Pneumatic equipment (see specific typ=) 
Potentiometers, Edit. 174 
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Powder metallurgy, Adv. inside front 
cover 
Power supplies, Edit. 187 
eee 


Pulleys, Adv. 175 


Pumps, 
hydraulic, Adv 
166, 188 


Pushbuttons, Edit 


} 


Recorders, Edit. 185, 186 
Reducers. speed, Adv. 168 


Regulators, 
lliow, Edit. 122 
‘an 


pressure, Edit. 18 


s, Edit. 177; Ad\ 


Servo . Adv. 
Shafts, 
flexible, Ec 
Shims, Adv 
Springs, Adv 


ri , 
Sprockets 
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ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
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EDITORIAL CLIPSHEETS——So you won't have to “clip” this issue, 
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HELPFUL LITERATURE—<e:<riptions stor on page 161 


ITEM ITEM 
NUMBER NUMBER 


Precision Parts . +o 4iee Oe Flexible Metal Hose ..............+-- 618 
Limit Switches ror rer . 602 Trimming Potentiometers .... Se 
Servo Motors paw. ey . (reeonn ee Rial VES 6séccsicicscsssvies GP 
Recording Oscillograph . 604 Ball-Bearing Screws, Splines ......... 621 
Servo Amplifiers ; — Digital Recording Systems ........... 622 
Electrode Glands _ cooocese O08 Packaged Controls ..... P ‘ .. 623 
Pins and Studs... Saas “ Laminated Pinstics .......scccsececce CB4 
General-Purpose Plastics .. eT. Copying Equipment see eeees see 625 
Drafting Aid ahenwn Temperature Chambers .............. 626 
Printed-Circuit Connectors , ... 610 Small Cylinders .. sten ie hates 
Live Strainers : banewas ated ee eee Nylon Shapes .... Laeueeean onan ee 
Servo Development Kit . 5 aracea a Rupture Discs ae ‘ TTT. 
Magnetic Disc Brakes ..... 1% .. 613 Valves and Couplings ..... 

Tracing Paper . ul Packaged Hydraulic Systems .. 631 
Stainless-Steel Fasteners . a Deposited Carbon Resistors .......... 632 

Speed Measurement Systems 


Cartridges Circuit Breakers 


NEW PARTS & ENGINEERING EQUIPMENT—cescriptions start on poge 165 


ITEM ITEM 
NUMBER NUMBER 


. 635 Small Beliows .. 0 . coves O88 

636 l'ransmission , ore 657 

. 637 Relay-Conversion Kits .............+. 658 

638 Couplings and Connectors > aie: 

639 Electronic Counter . ete 

t Assemblies . 640 Tantalum Capacitors vain -». 661 

ycomb Core Material 641 Phone Plug aetna Tere 662 

I ture Bellows . ‘ - 642 lube and Pipe Fitting ...... . 663 
Digit Display Instruments 643 Metal Hose ...... 6 664 
Shaft Locks . ; oo ee OOS \djustable Switch .. Teer 
Quick-Disconnect Coupling . 645 lluminated Pushbutton ...... 666 
> tic Wire-Tie Clamp . 646 Air Regulator ca sepia - . 667 
Miniature Blower A .e. 647 Hysteresis Synchronous Motor is 668 
1ided Packing eC Electric Reset Counter cicenecase a 
t-Setting Adhesive . F oars ¢ Solenoid Valves ...... eecvcceces CFO 
totating Union er eee Fixed Capacitors . ee eT 
Clutch . . : oven Ke Math Calculator isevee veceeeee Hee 
Photoelectric Controller .. ee Magnetic Tape Recorder ............. 673 
Subminiature Terminal Block ne Miniature ReSOrGer ..5 cc scccccscocces OU4 
Miniature Potentiometer .. os hee ae Bow Compass . + a re soca OO 


DC Power Supply .. Serre rey se 
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IT’S NO SECRET... 


IT’S THE CRIMP THAT COUNTS! Line ‘em up! Look em over! They're as much alike 
as midnight sheep jumping for a sleep-searching count and . . . with good reason! 
Most of them have 2 great deal in common — materials, design and construction. 


It’s this look-alike, act-alike quality about connectors that makes AMPin-cert connectors 
stand out. Only AMPin-cert gives you the one very important difference in connectors 
— AMP's industry-accepted solderless termination technique . . . a controlled-pressure, 
compression-crimp whose reliability is backed by twenty years of research, develop- 
ment and production. 


Does the difference stop here? Definitely not! AMPin-cert not only gives you extreme 
reliability but also . . . high-level production of terminations, up to 1,500 per hour 
on the AMP-O-LECTRIC automatic machine . . . quick ‘‘snap-in'’ assembly of contacts 
in the block with finger-touch ease and an extraction tool that makes routine checks, 
maintenance and circuit rearrangement ‘‘snap-out’”’ easy. 





Want to base your connector choice on something more than blind-fold logic? Then 
. . . get the whole story on AMPin-cert connectors. Write today for the catalog — 
“AMPin-cert CONNECTORS (Pin and Socket Type)’. 


Fs ENLARGEMENT OF | 3) 


CRIMP CROSS SECTION 


AMP INCORPORATED 


GENERAL OFFICES: ee es PENNSYLVANIA 


AMP products and engineering are available through subsidiary in: tralia * Canada ¢ England * France * Holland © Italy * Japan * Mexico « West Germany 
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rehearsal for registration 


New aid to engineers preparing for professional registration is offered by 
the University of California. “Engineering Fundamentals,” a correspond- 
ence course based on a three-year analysis of more than 100 examinations 
used by 35 states, is now ready to go. The course—the first offered on a 
nation-wide basis—is designed to help engineers get ready for closed-book 
portions of registration examinations. 


long-distance diagnosis (people) 


Newest of the many new pieces of medical equipment now being engi- 
neered is a sys‘em that will let a physician give an electrocardiogram in 
his patient’s home. In present experiments, a 3-oz battery-powered trans- 
mitter (developed for Lockheed’s Polaris missile and Discoverer satellite) is 
worn about the neck. The device radios the cardiograph to an FM tuner 
and conventional ECG machine. For longer-range transmission, ele>tro- 
cardiograms may someday be transmitted via telephone lines directly from 
patient to medical center where computing machines will process and im- 
mediately interpret the data. 
t 


longer distance diagnosis (spaceships) 


When a spaceship starts to sputter, says Halim Ozkaptan, human-factors 
specialist at Republic Aviation Corp., the crew will radio symptoms down to 
robot stations on earth. There, computers will digest the information and 
diagnose the trouble. Tips on how to make repairs wil! be beamed back 
seconds after the trouble is reported. An astronaut can't be trusted to do 
his own troubleshooting for two reasons: He will take too long, and he will 
be hampered by knowledge that errors could be deadly. 


data bonus from a solar flare 


The capsule from Discoverer 17 brought home some unexpected dividen.'s. 
Scheduled to orbit for 50 hr (mor than twice the normal time fur recover- 
able vehicles), the satellite was carrying its first biomedical and radiation- 
test payload. Just before countdown, a high-energy solar storm flared up, 
lasting the entire time Discoverer was “flying.” According to Lockheed 
scientists who are now studying the capsule, it contains first-hand information 
on the effect of solar storms on human tissues and structural materials. 
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off-the-shelf or out of business 


More than 90 per cent of the specialty-component manufacturers will dis- 
appear from the electronics business within the next ten years, predicts 
Bernard M. Goldsmith, president, Nytronics Inc. His reason: Customers 
are demanding standardization. To meet the challenge, designers must 
anticipate specifications and provide components that cover a broad range of 
operating characteristics. This can be accomplished by scanning the fields 
served, not with anticipation of an order, but with knowledge that cus- 
tomers must choose their purchases on the basis of what is available. 


radio tunnels in space 


Cornell University is studying a novel new possibility for radio communica- 
tion. According to Prof. Henry Booker, magnetic channels built into the 
atmosphere may steer high-frequency waves between the northern and 
southern hemispheres. Path followed by the waves could travel thousands 
of miles into space. The earth’s magnetic field controls the motions of 
the extreme outer atmosphere, lining up ions into millions of wave guides 
that run frem north to south. Work now going on is designed to map these 
passageways and see if they will keep message waves from dissipating. 


low-power computations 


Packard Bell’s PB 250 computer needs so little electricity that the company 
has now adapted it for battery operation. Normally recharged (from a 
115-v line) while the computer is in use, the battery can provide power for 
one hour in case of line failure or in field use. Because the computer can 
do a tremendous amount of computation in that hour, the battery supply 
opens new applications for automatic computation, according to Max Palevsky, 
vice president of Packard Bell Computer. 


faster IR for ASM 


Another advance has been recorded in development of an operational litera- 
ture-searching service. The American Society for Metals is now using a 
commercial general-purpose computer. The equipment, although not spe- 
cifically designed for information retrieval (IR), was readily programmed 
for the job, and the computer manufacturer (General Electric) is now 
designing a tailored searching system around the GE-225 computer. 
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RELIABILITY 
PRODUCIBILITY 
STANDARDS 
HUMAN FACTORS 


Complexity of engineered products— 
plus costs that continually get out of 
hand—have added another specialist to 
a growing list. A “pinchpenny” by pro- 
fession, his job is to save money through 


Value Engineering 


f The concept has been in existence for about 10 years. 


f One of the largest companies in the U. S. is sold on it. 


f Several military establishments are actually saving money with it. 


f Its proponents are set to form a new technical society. 


Vi But there are also dissenters. 


N 1945, an aircraft carrier cost the Navy ap- 

proximately $90 million, submarines delivered for 
$5.2 million. The price tag on these items today 
reads something like $400 million for the carrier; 
between $60 and $100 million for the submarine. 
Meanwhile, the weapons budget has not risen by 
anywhere near this ratio. It follows that any tech- 
nique promising substantial savings in the design 
and construction of weapons wou!d be welcomed by 
the military. 

Six years ago, Navy off: learned of a new 
approach to cost cutting casted value engineering. 
One of the country’s largest corporations (and a 
major defense contractor) was using the technique 
successfully in the design of many industrial and 
consumer products. 

Today, all major Naval Bureaus have active value 
engincering programs. And since 1956, some 2000 
projects have been “value engineered,” resulting in 
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savings of $5 to $7 million yearly. As savings are 
reported only for the first year or the first ship, 
these figures do not represent cumulative savings 
brought about by changes in specifications and 
designs. The total figure is estimated at $40 million. 

Despite such favorable results, value engineering, 
until recently, was not a widely publicized activity. 


VE vs. DE 


VE is a series of techniques and_ philosophies, 
combined into an analytical and efficient approach 
to cost reduction. It is aimed at the very heart of 
the problem where cost begins—function. 

The VE techniques in themselves are not new. 
Most of them are used every day. What is new, is 
the co-ordination of many independent steps into 
one program headed by value-oriented people whose 
main responsibility is obtaining the necessary func- 
tion at minimum cost. 
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After: Air-Biow System 


Since all engineers are cost conscious, the value- 
engineering concept would seem to imply criticism 
of the working design engineer. None is intended, 
say VE’s. 

The engineer who originates the initial design 
or improves on an existing one is performance 
oriented, and most of his design work is done with 
a deadline in mind. Naturally, he gives some thought 
to economical ways of achieving a function. He also 
gives thought to whether or not the product can 
be easily produced. But his primary emphasis is 
placed on creating a workable design. 


Professional Second Guessing 


After the design is proved feasible and workable, 
the value engineer steps in. 'iis job: To achieve 
the same function and reliability at considerably 
less cost. The value engineer’s job encompasses the 
whole design from inception to maintenance. He 
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VALUE 
ENGINEERING 









takes nothing for granted and frequently challenges 
the specifications themselves, rather than starting 
from the specifications. For this reason, the value- 
engineering office is usually placed at a high or- 
ganizational level . . . to afford access to all man- 
agement levels. The value engineer must reflect 
management’s viewpoint. 

There have been many attempts to place the 
value-engineering effort in the research stage or 
into the original design. However, it is generally 
conceded that at any stage before a workable, pro- 
ducible piece of equipment is designed, the iniro- 
duction of value engineering adds one more item 
of compromise for the design engineer. The excep- 
tion is found in military projects, where R&D, pro- 
totype development and production overlap to such 


a degree that VE must be in on the R&D stage. 
Many critics of value engineering have said that 
everybody should be doing it, that eventually value 
engineering will die out as the designer becomes 
more value conscious. Not so, say VE proponents 
—not as long as cost is a major consideration. It’s 


‘an old adage that everybody’s responsibility is no- 


body’s responsibility. One of the fundamental prin- 
ciples of management is that when a job needs to 
be done, assign responsibility for it to one individ- 
ual. Thus, responsibility for value is primarily the 
value engineer’s. He becomes a specialist and can 
act as consultant at all stages of design and pro- 
duction as would a metallurgist, a noise reduction 
specialist, an insulation specialist or any of the 
many experts now available. 























VE in Industry: Even Nuts and Bolts Are Challenged 


All roads in value engineering lead back to General Electric Co. 
was started there about 10 years ago under the direction of Lawrence D. Miles, who 


now heads the company’s Value Service staff. 


In addition to furthering the program at GE, Mr. Miles and his associates have 
trained valve engineers for a number of military establishments. VE programs in the 


Navy, Army, and Air Force are based on techniques developed at GE. 


The one objective of value engineering, as stated by Mr. Miles, “is to provide 
He and his associates now have a highly 
Put into print, it 
Their initial 
In analyzing any product or com- 


equivalent performance at lower cost.” 
refined and effective method of operation to reach this objective. 
would provide a textbook covering all aspects of value engineering. 
approach, however, can be illustrated briefly. 


ponent, the value engineer begins by asking these questions: 


1. What is the item? 
What does it cost? 
What does it do? 


St me ee 


What else would do the job? 

What would that alternative cost? 
The answers to these questions can lead to the redesign of major subsystems as 
occurred in the LPD-1 program, or may be concerned profitably with the smallest 


components, as the following examples illustrate . . . 


Example 1—Adjustizg screw. Cost: 8 cents. 


Function: To facilitate adjustment of electrical 
equipment. In use, a stiff wire was hooked into the 
hole in the head. The screw was lifted against a 
spring pressure, turned as desired, and then lowered 
again, allowing the cross pin to drop into a slot. 

Manufacture of the screw required 3/16 in. and 
1/16 in. diameter steel as raw material. The larger 
piece required cut off, threading, and drilling of 
two holes. The smaller piece required cut off, as- 
sembly in hole and staking. 

The part was deemed so “unusual” that it was 
not to be expected that a vendor made such an item. 
A review of the function—not the part—brought 








The concept 
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In the Future: SAVE 


Whether or not value engineering is old enough 
and specialized enough to be of professional stature 
is debatable. One spokesman for the defense de- 
partment, Mr. John J. Riordan, Office of the Assist- 
ant Secretary of Defense, describes the position of 
VE like that of quality control a decade ago. 

“In the late 40s and early *50s, industrial man- 
agement had heard so much of quality control that 
it became somewhat suspicious, if not disenchanted. 
Quality control had been sold as some kind of sta- 
tistical gimmick. Because of its theoretical founda- 
tion in mathematics, it had an aura of mystery. It 
was something too potent for management to chal- 
lenge, but also something too expensive for man- 


agement to accept credulously.” 

The concept was finally defined and saved by 
scholarship. Publication of basic economic and tech- 
nical literature on the subject (namely, the clas- 
sical text by Dr. Walter A. Stewart) gave it a 
foundation which management could accept legiti- 
mately. 

Many VE proponents would agree with Mr. Rior- 
dan that the precise stature of the concept is de- 
batable—at the present. But they would also point 
out that the results achieved with value engineer- 
ing are far from debatable. 

Meanwhile, VE’s most enthusiastic admirers are 
at work forming an organization called SAVE. The 
Society for the Advancement of Value Engineering 
aims to be a professional society. 





forth thesz requirements: 
e A screw having a hole in the top, or other suit- 
able arrangement, so it can be lifted and turned. 
® A head arrangement that will be pulled back 
into the slot and held so as not to turn. 

A search of specialty products having these two 
characteristics uncovered the spade bolt, below. It 
accomplished all of the functions reliably and was 
readily available. Cost: 3 cents. 


Example 2—Spacer stud. Cost: 15 cents. 


Function: To hold an electric motor on a high- 
volume equipment, and space a dust cover over it. 
It offers no appearance or “esteem” values to the 
customer. It is a “use” part. Quantities are 400,000 
per year. Material is steel; there are no close tol- 
erances; the part is made on automatic equipment 
from standard steel rod; and there are no quality 
problems. 


With the function clearly established as holding 
and spacing, comparisons were made to place the 
value on each function. The holding function can 
be compared in cost to that of a screw of similar 
dimension which would cost about 1!/ cents. The 
spacing function can be compared to a piece of 
tubing cut to proper length, or a piece of flat metal 
rolled to form a rolled spacer. In either case, the 
cost would be in the neighborhood of 1/, cent. There- 
fore, by comparison, the sum of the combined func- 
tions is evaluated at 2 cents. 

Value engineers located a supplier of cold, upset, 
and roll-thread parts who proposed a suitable screw 
as shown at 1!/, cents. 

A supplier of rolled spacers, which were a spe- 
cialty product for him, proposed a suitable cylin- 
drical spacer at slightly under 14 cent. This spacer 
and the roll-thread screw assembled together ready 
for use would be an equivalent part costing 2 cents. 
Yearly reduction in cost: $52,000. 
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ENGINEERING NEWS _ 


PICTURE REPORT 


Dexterity for dangerous work is built into the Mark II Mobot, an electro- 
mechanical manipulating system developed by Hughes Aircraft Co. for 
environments unfit for humans. Each Mobot arm moves 180 degrees in 
any direction at shoulder, elbow, and wrist. The wrist will rotate con- 
tinuously in either direction, and the hand telescopes 3!4 in. Television 
cameras and microphones at Mobot’s wrists let the operator see and 
hear what the hands are doing. Motion commands, normally conveyed 
by switches, can be put on tape so that the Mobot can learn to perform 
complicated tasks after only one “lesson” from a human. 


oo: 

«| 

«)) 
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2 ia 
Space speeds exceeding 100,000 mph are promised by 
this foot-long ion engine introduced at the recent 
American Rocket Society meeting by Goodrich High 
Voltage Astronautics Inc. Porcelain spheres serve 
the two-fold purpose of insulating the engine and 
keeping its steel plates aligned. 


ie 
it 


Interior walls of small rocket nozzles, cylinders, and chambers 
can be sprayed with corrosion-resistant, high-temperature 
coatings with the new 25-kw arc-plasma gun made by 
Plasmadyne Corp., Santa Ana, Calif. The one-pound gun, 
which is less than 2 in. long and 1'4 in. in diameter, is 
claimed to be the smallest produced commercially. 
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Space communication by sharply focused light 
waves may result from new continuous-wave 
optical masers developed by IBM scientists 
Peter P. Sorokin (Icft) and Mirek J. Stevenson. 
Operating on about 1/500 the power required 
by the ruby optical maser—the only previous 
coherent-light source disclosed—the new devices 
are based on ions of rare earth and transuranic 
elements. Limitations of the ruby optical maser 
have restricted output to 1/1000-sec pulses at 
widely spaced intervals. 


Exposure to gamma radiation can be avoided by heeding 
the audible and visible warnings of a pocketable instru- 
ment, the Personal Radiation Monitor. Pitch of the warn- 
ing tone and flashing rate of the neon lamp increase 
with radiation intensity. Components of the instrument 
include a miniature Geiger counter, an electronic circuit 
using three transistors and five diodes, and a mercury 
battery. It was developed at Oak Ridge National Labora- 
tory, operated by Union Carbide Corp. for the AEC. 


A 95-ton payload can be carried by this tractor-trailer 
combination, which claims the distinction of being the 
largest production truck in the world. Built for the mining 
industry by K-W Dart Truck Co., Kansas City, Mo., the 
vehicle has a frame made of four heat-treated, pressed- 
steel channels, bolted together in pairs to form I-beams. 
Power is supplied by a four-cycle, 12-cylinder engine 
rated at 700 hp. 
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Throwaway Prototypes 


Equipment developed by AGA never goes into 
production. Its only purpose is to show appliance 
makers what’s needed and what can be done. 


17OUR next house may have a 
gas heating system built into 
the baseboards. Prototypes for this 
and other new equipment are now 
in advanced stages of development 
at the American Gas Association’s 
Cleveland laboratories. While these 
experimental units will eventually 
be shelved (AGA doesn’t manufac- 
ture. anything), many of the new 
design concepts will finc their way 
into production equipment and into 
the home. 

“In the next decade,” says Walter 
B. Kirk, AGA’s chief research en- 
gineer, “new ideas in residential ap- 
pliances will be developed. Ad- 
vanced knowledge on catalytic and 
pulsating combustion, and newly 
developed techniques (such as the 


Vented to the outside, the experiment- 
al baseboard heating system also 
draws combustion air from outdoors. 
Single-port burner fires into a long 
tube. After combustion products reach 
the end of the tube, they reverse di- 
rection and travel back to the burner 
box. Blower, on the exhaust end, 
draws gases out of the heat exchanger. 
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even burning of gas within long 
thin tubes) will influence the de- 
signer’s approach.” Other funda- 
mental work, now going on, is 
showing how permissible _heat- 
release rates can be multiplied in 
combustion chambers. 


Burner in the Wall 
One of the most promising de- 
velopmental projects at AGA in- 


volves baseboard heating systems 
(picture, above). The approach is a 
new one: Burner and heat ex- 
changer are located in an outside 
wall. Positioned horizontally, the 
prototype heat exchanger ‘consists 
of an 8 ft long tube mounted inside 
an externally finned tube. 

The burner fires into the small 
tube; combustion products travel to 
the far end, then back between the 
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Dynatherm, Inc. 

607 West Commercial Street 
Phone: Ludlow 6-0082 
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The Modern Office Takes 
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Here’s the long awaited answer to 
modern office planners, architects and 
efficiency engineers . . . the Master Plan- 
nev scale model kit by Applied Research 
Corporation of Erie, Pa. With floor- 
space grid and these multi-comination 
3 dimension scale components, office 
partition and equipment layouts can be 
made in a few minutes. 


The Master Planner Kit contains a 
complete variety of parts that form 
limitless combinations of desks, book- 
cases, chairs, filing cabinets to meet all 
the requirements of office size and design 

. . and to do it in a fraction of the time 
required to make drawings and prints. 


Moreover, these quickly completed 3 
dimension scale layouts can be photo- 


ASLAN heAPPLIED RESEARCH Corp. 


graphed by office planners for discussion 
and decision at a great cost saving. 
No misunderstandings, no costly errors, 
no time wasted. 


Furniture and partition kits are avail- 
able separately or in combination. Molded 
parts are in two-tone complimentary 
shades of beige and brown. Each kit is 
furnished with a grid layout planning 
board and a corner wall section that adds 
realism to the layouts. The modern 
office comes alive quickly through the 
use of Applied Research Corporation’s 
Master Planner. 


The Master Planner is ““modern magic” 
to prove the ancient Chinese Proverb 
that one picture is worth more than 
10,000 words. 


Precision Molded by Quinn-Berry where the Unusual is Routine 


WE FLY TO SERVE YOU FASTER 


2609 WEST 12TH STREET, ERIE, PA. 
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two tubes. At the burner box, com- 
bustion air is entrained (from out- 
side) and flue products are dis- 
charged (outside). 

The baseboard heater supplies 
heat by natural convection of room 
air around the finned tube. As pres- 
ently operated (16,000 Btu per hr 
innut to the 8-ft tube), air temper- 
atures along the baseboard grille 
average about 210F and temper- 
ature variation is less than 30 F. 
These temperatures could be re- 
duced, but since the grill itself is 
insulated and cooled by room air, 
“it is not uncomfortable to touch,” 


says Mr, Kirk. 


Radiating the Kitchen 


Future cooking equipment will 
rely heavily on radiant Heat. Radi- 
ant burners in the kitchen range, 
pioncered by AGA, are already 
catching on with several equipment 
manufacturers, and radiant ovens 
seem sure to follow. 

Oven-burner development is lead- 
ing to some very radical designs that 
are proving out well in the labo- 
ratory. One of these is an experi- 
mental oven without sides, front, 
or back; i.e., with only a top and 
bottom. By locating one burner 
above the load (cake, roast, etc.) 
and one below, researchers have 
been able to bake with infrared heat 
alone—and they’ve cut down on 
baking time. This type of unit is 
not really practical, however, be- 
cause quality of the bake has proved 
extremely susceptible to drafts. 

From this sideless oven, a more 
conventional prototype has evolved. 
In it, burners are mounted between 
oven and broiler sections, Rather 
than firing against the oven bottom, 
the burners heat up stainless-steel 
meshes. These meshes, radiating at 
a temperature between 700 and 
1100 F (depending on the modulat- 
ed input rate), heat the load while 
keeping oven wall and sides rel- 
atively cool. Advantages of this 
system include faster baking speeds, 
reduction of time required to pre- 
heat the oven, and decreased gas 
consumption. 


Keeping Up on the Hardware 


Residential equipment will _re- 
quire new “support hardware” as 
well as new burner and application 
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—— Oven section —-— 
Stainless 
AY fy . steel screen NN hy 
enn “yp 
Yy \ 
i= 
\ 
—— Broiler section —>— 


Burners fire vertically into stainless-steel meshes tc bake by heat radiation (upper 


right). 


When the heat-control setting is changed from ‘‘bake” to 


“broil,”’ a 


solenoid valve activates, directing gas flow to burner ports that fire sideways. 
These side-firing ports transfer radiation to the broiler (lower right). 


ideas. Many of these “extras” are 
also being researched at AGA: 


© Thermostats—-new designs for 
both snap-acting and modulating 
thermostats with negligible temper- 
ature overshoot are being developed 
and have already been incorporated 
in some equipment. 


e Connectors — heavy-duty flexible 
metal hoses, developed through a 
joint effort by AGA and Battelle 
Memorial Institute, are now being 
field tested. Work is also underway 
on design of quick-disconnect valves 
without “excessive” pressure-drop 
characteristics (a fundamental re- 


Spark ignition was developed 
to help cool kitchens (igniters 
don't consume energy when 
an appliance is off). Spark 
is generated for about 25 sec 
while a capacitor is charg- 
ing. When charged, the ca- 
pacitor oppositely biases a 
transistor, switching the re- 
chargeable battery (power 
source for the spark) out of 
the circuit. Gas supply, con- 
nected to the circuit through 
a solenoid valve, automati- 
cally shuts off if the burner 
doesn't ignite. 


quirement because gas supply lines 
operate at or near 7 in, water col- 
umn pressure). 

Next new hardware likely to show 
up on production appliances is 
transistorized spark ignition. Proto- 
type systems that are applicable 
“across the board” operate from 
nickel - cadmium batteries. House 
current won’t power the spark be- 
cause heating systems, for example, 
must operate in case of power fail- 
ure. Two types of rechargers are 
possible: A thermopile heated by the 
main burner, or a properly adapted 
trickle charger operated by house 
current. 
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belt guard 





rectifier unit 
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excitation , “weatherized’’ R&M motor 


drive motor starter 
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Ones 
e 
high-frequenéy + heavy welded / sliding base 
alternator steel base 


for easy belt 
adjustment 


360 to 3300 cycles 


R&M package high cycle generators 4 
provide dependable current beyond frequency 
the practical range of frequency con- converters 


verters. Rugged revolving field con- od . -120 to 420 
struction is used in ratings of 1500 cycles and lower cycles 


Ratings above 1500 cycles are brushless inductor design. 
Excitation of DC alternator field is provided by simple 
silicon rectifiers, protected against short circuits by time- 
delay fuses. For changing output frequency, R&M can 


4 


furnish variable pitch pulleys or variable speed drives. 
R&M’s low-cost frequency converters make 220 volt-3 
phase-120 through 420 cycle power available from 6’ 
cycle supply .. . rated 2¥2KW (horizontal construction) 
5, 7% and 10KW (vertical). 


Write today for bulletin 515A-MD! 


ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 


Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Circle 415 on Page 19 Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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Sluggishness 
in computers 


is eliminated by 


Ultrafast 
Thin-Film Memories 


OMPUTERS with | thin-film 

memories are finally on ihe 
market. Researchers at Remington 
Rand Div., Sperry Rand Corp., re- 
cently perfected a thin magnetic 
film, and the company lost no time 
in designing it into a “third-genera- 
tion computer.” 

Meanwhile, another ultrafast 
memory is being readied for pro- 
duction. International Business Ma- 
chine Corp. reports successful fabri- 
cation of a cryogenic thin-film 
memory plane and development of 
automatic techniques for duplicat- 
ing the fabrication process. 

Development of the magnetic-film 
memory “now makes possible a 
whole new generation of computers 
that operate in nanoseconds (bil- 
lionths) instead of millionths of a 
second,” declares Dause L. Bibby, 
Remington Rand president. 

Consisting of a series of metal 
dots, the memory is only a few mii- 
lionths of an inch thick. It’s made 
by vapor depositing iron, nickel, or 
some other ferromagnetic materials 
on a glass plate (or other suitable 
substrate). 

Easier to magnetize in one direc- 
tion than in another, the new 
memory offers more than just 
switching-speed advantages: 
® Thin-film memories are of the 
“catalogue type”—they can be ques- 
tioned and read-out millions of 
times without being destroyed. 

e Electric power needed to energize 
the thin films is less than with 
other memories. 
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The IBM development marks the 
first time that scientists have been 
able to use automatic control tech- 
niques to duplicate cryogenic com- 
puter units. The memory plane, 
consisting of 135 cryotron devices 
built up in 19 microscopically thin 
layers, is postage-stamp sized. 

Cryotrons are able to perform 
addition, multiplication, and other 
computer jobs because of their 
unique properties: As a magnetic 
field builds up past a critical value, 
the devices switch from a_super- 
conducting (zero resistance) to a 
resistive state. According to IBM 
spokesmen, the new automatically 
produced cryotrons will allow faster 
internal computer communication. 


Computer response speed increases by 
1000, claims Remington Rand, when 
the new thin-film magnetic memory 
(one substrate pictured above) is put to 
work. First computer to use the new 
memory is the Univac 1107, one of the 
fastest and most inexpensive super- 
scale computers ever developed. 


Nineteen layers of metal and insulator are sequentially deposited through 


17 microscopically adjusted masks. 


In the new IBM technique for automatically 


fabricating cryogenic memories, the masks are changed like records, in a juke 
box. Once they are properly aligned, the process automatically duplicates 
superconducting memory planes with similar electrical and mechanical charac- 


teristics. 


The finished sandwich consists of 135 cryotron devices. 
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These eye-catching products use functionally a 
basic Nickeloid Metal. The finish of Chromium, 
Nickel, Brass or Copper is electroplated to a base 
metal, usually Steel (but often Zinc, Brass or 
Copper). 


Mostly, Nickeloid Metals are supplied in continu- 
ous coils in widths up to 24” for modern, low 
cost fabrication. They’re also available in sheets 
and strips. Optional: bright or satin finishes, 
plating one or both sides, a galaxy of stunning 
patterns and crimps. 


Quality plating produces metals so durable they 
can be fabricated, even quite severely drawn or 
bent. Rejects minimized. For severe stamping, 
we offer Mar-Not protective coating that is easily 
peeled off after its job is done. 


§ 


le ALL AROUND THE HOUSE 


Y 


Yes, wherever. you go or whatever you do, ther’ is an 
abundance of useful and prized products on which a 
Nickeloid Metal gleams, front and center, in full spotlight. 
Their use at once captures a smart, modern beauty that is 
durable, easy to keep looking new, and chic. But here is 
beauty that is more than skin deep . . . Nickeloid Metals are 
versatile, extremely economical in manufacture. . . deep-down 
in quality all the way. They are the shopkeeper’s delight, the 
manufacturer’s friend, and the designer’s inspiration. You can 
do so much with Nickeloid! It’s more than a Metal . . . it’s 
a Method! Write for free Introductory Kit, including metal 
samples. Or, phone one of our sales offices (located in most 
principal cities). 


AMERICAN NICKELOID COMPANY - PERU 8, ILLINOIS 


America’s Pioneer Manufacturer of Pre-Finished Metals — Since 1898 Circle 416 on Page 19 
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ed-Yeloya t 


Tin reduces wear—The 
addition of up to 6.1% tin has 
a marked effect in eliminating 
ferrite from the matrix of both 
gray and nodular irons, pro- 
ducing a wear-resistant fully 
pearlitic matrix, 


Base iron 
Base iron —plus Sn 


Effect of tin on pearlite in microstructure of hypo- 
eutectic cast iron bar, 1.2-in. dia. 


The amount of tin added to cast 
iron sections up to 3 in. thick is 
not critical. A reasonable excess 
does not produce any massive 
cementite or affect mechanical 
properties. 


Organic compounds 
of tin stabilize vinyl chloride 
polymers to inhibit color at high 
temperature and to protect 
against decomposition during 
processing and degradation in 
service. 


Low linear contrac- 
tion is a property of high tin 
content die-casting alloys. Tin 
alloys shrink very little, permit- 
ting close tolerances and very 
thin walls in such typical small 
castings as pinions, number- 
ing macliine wheels, dashpots of 
electrical instruments, and gas 
meter grid valves. 


FREE 
Bulletin 


Write today for a 
free subscription 
to TIN NEWS~a 
monthly bulletin 
on tin supply, 
prices and new 
uses. 


The MalayanTin Bureau 
Dept. T-29A, 2000 K Street, N.W., Washington 6, D.C. 
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Meetings 
and Shows 


Jan. 17-19— 

Instrument Society of America. 
Winter Instrument - Automation 
Conference and Exhibit to be held 
at the Sheraton-Jefferson Hotel and 
Kiel Auditorium, St, Louis. Further 
information can be obtained from 


| ISA headquarters, 313 Sixth Ave., 


Pittsburgh 22, Pa. 


Jan. 23-25— 

Institute of the Aerospace Sci- 
ences. Annual Meeting to be held 
at the Hotel Astor, New York. 
Honors Night Dinner is Jan, 24. 
Further information is available 
from IAS headquarters, 2 E. 64th 
St., New York 21, N. Y. 


Jan. 23-26— 

Plant Maintenance and Engincer- 
ing Show to be held at the Inter- 
national Amphitheatre and _ the 
Palmer House, Chicage. Further in- 


| formation is available from Clapp 


& Poliak Inc., 341 Madison Ave., 


| New York 17, N. Y. 


Jan, 29-Feb, 3— 

American Institute of Electrical 
Engineers. Winter Gencral Meet- 
ing to be held at the Hotel Statler, 
New York. Further information is 
available from AIEE headquarters, 


33 W. 39th St., New York 18, N. Y. 


| Feb, 1-3— 


Second Winter Military Elec- 


| tronics Convention to be held at 


the Biltmore Hotel, Los Angeles. 


| Sponsors are the National Profes- 
| sional Group on Military Elec- 
| tronics and the Institute of Radio 


Engineers, Los Angeles section. Ad- 


| ditional’ information is available 


from IRE, 1435 S. La Cienega 
Blvd., Los Angeles 35, Calif. 


| Feb. 7-9— 


Society of the Plastics Industry 


| Ine. Sixteenth Reinforced Plastics 


Div. Conference to be held at the 
Edgewater Beach Hotel, Chicago. 
Further information can. be ob- 


| tained from SPI headquarters, 250 


Park Ave., New York 17, N, Y. 


Feb. 9-l11— 

National Society of Professional 
Enginecrs. Winter Meeting to be 
held at Hotel Fort Des Moines, Des 
Moines, Iowa. Further information 
can be obtained from NSPE head- 
quarters, 2029 K. St. N.W., Wash- 
ington 6, D. C. 


Feb. 13-16— 

American Society of Heating, Re- 
frigerating and Air - Conditioning 
Engineers. National Meeting and 
15th International Heating & Air- 
Conditioning Exposition to be held 
at the International Amphitheatre, 
Chicago. Additional information 
can be obtained from exposition 
headquarters, 480 Lexington Ave., 
New York 17, N. Y. 


Feb. 26-March 1— 

First Pacific Electronic Trade 
Show to be held in the Great West- 
ern Exhibit Center, Los Angeles. 
Additional information can be ob- 
tained from PETS headquarters, 
2216 South Hill St., Los Angeles 7, 
Calif. 


March 5-9— 

American Society of Mechanical 
Engineers. Gas Turbine Power 
Conference and Exhibit to be held 
at the Shorcham Hotel, Washing- 
ton, D. C. Co-sponsor is the U. S. 
Dept. of Defense. Further infor- 
mation can be obtained from ASME 
Meetings Dept., 29 W. 39th St. 
New York 18, N. Y. 


March 6-8— 

American Management Associa- 
tion. Data Processing Conference 
and Exhibit to be held at the Stat- 
ler Hilton Hotel, New York. Addi- 
tional information can be obtained 
from AMA headquarters, 1515 
Broadway, New York 36, N. Y. 


March 8-10— 

Instrument Society of America. 
Annual Conference on Instrumenta- 
tion for the Iron and Steel Industry 
to be held at the Roosevelt Hotel, 
Pittsburgh. Further information 
can be obtained from Richard R. 
Webster, Jones & Laughlin Steel 
Corp., Research Laboratory, 900 
Agnew Ave., Pittsburgh 30, Pa. 


March 11-14— 
Steel Founders’ Society of Amer- 
ica. Annual Meeting to be held at 
(Please turn to Page 43) 
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Reliable main system pumps 


Constant improvement in products long recognized as 


“industry standards” is the story behind the selection of 


Vickers pumps for all the new American commercial jet 
airliners. Each Boeing 707, for example, uses two Vickers 
electrically depressurized variable pumps to operate 
landing gear, provide flight control boost and power 
compressors used in engine starting. 


Numerous improvements in design, system reliability 
and contamination tolerance are the results of the latest 
phase of a continuing program that met the specialized 
needs of the new higher flying, faster commercial jets. 





These pumps are actually the fourth generation of a 
family that has fulfilled the hydraulic requirements of 
virtually every American-built transport in the last 20 
years. 


New materials, components and 
design modifications are constantly 
being tested by specialists in these 
fields to insure performance 
reliability without equal. 
Qualification tests far exceed the 
most rigorous service conditions. 














outstanding feature of Caterpillar’s new Traxcs 

The ease and precision of power steering means more 
than operator convenience—it pays off in more material 
moved every hour on the job. 

A completely new concept in power steering, developed 
by Vickers research and engineering specialists, enables 
the Traxcavator to get this top performance in a system 
using standard components. Tailor-made power steering 
can be provided for vehicles with axle loadings from 
1,500 to 128,000 Ibs. by combining the right high pres- 


PACESETTING 
HYDRAULICS 
like these... 


"Building block” pre-en stem only from 


Maintaining constant tension on material during its FAC 1 Li H | E Ss 


80-foot journey through this Inta-Roto plastic laminat- 

ing machine requires precise synchronization of infeed LI K E T H E Ss E 

rolls with the heavier combining rolls. A pre-engineered “ss 
servo system based on the “building block” concept— 

made possible by Vickers research—meets these require- 

ments perfectly, providing instant, sensitive, accurate 

response to changes in tension and speed. 

In the ‘‘building block” concept Vickers offers standard 

hydraulic and electrical components pre-engineered into} 
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New concept in power steering 


Maximum maneuverability with finger tip control is an 
outstanding feature of Caterpillar’s new Traxcavator. 
The ease and precision of power steering means more 
than operator convenience—it pays off in more material 
moved every hour on the job. 

A completely new concept in power steering, developed 
by Vickers research and engineering specialists, enables 
the Traxcavator to get this top performance in a system 
using standard components. Tailor-made power steering 
can be provided for vehicles with axle loadings from 
1,500 to 128,000 Ibs. by combining the right high pres- 


sure pump, servo valve, an 
each a standard component 
designed to meet the need: 
mobile equipment. 


Complete system responsibi 
—insures high quality, mate 
Vehicle builders and users ¢ 
vided responsibility for sys 
service. In addition, among 
facturers, only Vickers of 
interchangeability of parts. 


“Building block” pre-engineered ser 


Maintaining constant tension on material during its 
80-foot journey through this Inta-Roto plastic laminat- 
ing machine requires precise synchronization of infeed 
roils with the heavier combining rolls. A pre-engineered 
servo system based on the “building block” concept— 
made possible by Vickers research—meets these require- 
ments perfectly, providing instant, sensitive, accurate 
response to changes in tension and speed. 

In the “building block” concept Vickers offers standard 
hydraulic and electrical components pre-engineered into 





tested and proved systems 
tion in specialized engineeri 
controllable by any of th 
means currently available. 
Custom designed systems, 
required, can be developed | 
complete line of Vickers ser 
components including: serv¢ 
valves, motors, pumps, trar 
ducers and power supplies. 
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(WER QvaT kM) 

\ \y 18-page brochure that describes 


>, and the required cylinders... . 
ynent. All the elements are newly 
needs of today’s more powerful 


basic installations and provides 
technical component information. 
Ask for Bulletin M5110. 
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natched components throughout. 
sers alike benefit from this undi- 
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1ong hydraulic equipment manu- 
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Features of electrically depressur- 
ized variable pumps and integrated 
controls are available in a pair of 
bulletins that include performance 
curves, weights, dimensions, etc. 
Ask for Bulletins A-6003. 
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Spectrographic analysis is used to determine 
degree of impurities in semiconductor elements 
in research facility at Electric Products Division 
plant in St. Louis. 





Special test configurations simulate actual operat- 
ing conditions. Here aircraft electronic cooling 
equipment is put through its paces. 


industry's most comprehensive 
hydraulic research and 
deveionprnesn’! program 


Dedication to research... (‘ie search for a new and better way... 
is the principle on which Vickers was founded and prospered. 
Today, that spirit continues in the form of intense research activi- 
ties on a scale without parallel in the field of hydraulics and re- 
lated sciences. 


At all nine Vickers plants, research activities are carried on as a 
vital part of each day’s business. The heart of Vickers research 
and development activity is carried on in the Administrative and 
Engineering Center. Here more than eight hundred engineers and 
technicians apply their skills in surroundings and with facilities 
designed expressly for this purpose only five years ago. Part 
of their effort is devoted to the constant improvement of products 
for the needs of today’s customers in industry and defense, and 
a substantial part of the effort is devoted to creating the future 
in power transmission, energy conversion, and fluid transfer. 


This dedication to constant improvement, to vision, to not accept- 
ing the existing simply because it does the job now .. . is your 
guarantee of products from Vickers which not only meet the need 
today but also contain a good measure of “tomorrow” as well. 





Vickers Administrative and Engineering Center 
in suburban Detroit provides an unmatched 
center of research and development activity in a 
facility specifically designed for this purpose. 


Computers, both the analogue type and the solid state Univac digital type 
shown, are important tools in advanced planning of new products. 
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(Continued from Page 36) 
the Drake Hotel, Chicago. Further 
information is available from society 
headquarters, 606 Terminal Tower, 
Cleveland 13, Ohio. 


March 12-16-— 

American Society of Mechanical 
Engineers. Aviation Conference to 
be held at the Statler Hilton Hotel, 
Los Angeles. Additional informa- 
tion is available from ASME Meet- 
ings Dept., 29 W. 39th St., New 
York 18, N. Y. 


March 13-15— 

American Rocket Society. Flight 
Testing Conference to be held in 
Los Angeles. Further information 


is available from ARS headquarters, 
500 Fifth Ave., New York 36, N. Y. 


March 13-17— 

National Association of Corrosion 
Engineers. Annual Conference to 
be held at the Statler Hotel, Buffalo. 
Additional information can be ob- 
tained from NACE _ headquarters, 
1016 M & M Bidg., Houston 2, 
Tex. 


March 13-17— 

Society of Automotive Engineers 
Inc. National Automobile and Pro- 
duction Meetings to be held at the 
Sheraton-Cadillac Hotel, Detroit. 
Further information can be ob- 
tained from SAE headquarters, 485 
Lexington Ave., New York 17, N. Y. 


March 16-17— 

American Society of Mechanical 
Engineers. Textile Engineering Con- 
ference to be held at Clemson Col- 
lege, Clemson, S, C. Additional 
information can be obtained from 
ASME Meetings Dept., 29 W. 39th 
St., New York 18, N. Y. 


March 20-23— 

Institute of Radio Engineers, In- 
ternational Convention to be held 
at the Coliseum and the Waldorf- 
Astoria Hotel, New York. Addi- 
tional information is available from 
IRE, 1 E. 79th St., New York 21, 
N. Y. 


March 20-24— 

American Society for Metals. 
Thirteenth Western Metal Exposi- 
tion & Congress to be held at the 
Pan Pacific Auditorium, Los An- 
geles. Additional information can 
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be obtained from ASM, Metals Park, 
Novelty, Ohio. 


March 21-23— 


American Power Conference to be ~. 


held at the Sherman Hotel, Chi- 


cago. Sponsors are nine engineer- 


ing societies, including American | 
Society of Mechanical Engineers, | 


National Association of Power En- 
gineers, American Institute of Elec- 
trical Engineers, American Society 
of Civil Engineers, and Americar 
Society of Heating, Refrigeration, 
and Air Conditioning Engineers; II- 
linois Institute of Technology and 
13 other universities. Additional in- 


formation can be obtained from | 
R. A. Budenholzer, Illinois Institute | 


of Technology, 35 W. 33rd St., Chi- 
cago 16, IIl. 

Short Courses 

and Symposia 
Jan. 18-19— 


Seminar on Machining and Form- | 
ing Space-Age Metals to be held | 
at the Statler-Hilton Hotel, Dallas. | 
Sponsor is the American Society of | 
Tool and Manufacturing Engineers, | 


and further information can be ob- 
tained from the society, 10700 Puri- 
tan Ave., Detroit 38, Mich. 


Jan. 23-Feb. 2— 
Engineering and Management 
Course to be held at UCLA. Par- 


ticipants select four classes from a | 
group of 22, including such sub- | 
jects as reliability for modern indus- | 


try, industrial psychology, engineer- 


ing and research administration, | 
and effective managerial communi- | 


cation. Public speaking classes are 
also offered. 


Co-ordinator, The Engineering and 


Management Course, College of | 


Engineering, University of Cali- 
fornia, Los Angeles 24, Calif. 


Feb. 14-16— 
Second Annual Symposium on 


Nondestructive Testing of Aircraft | 
and Missile Components (unclassi- | 


fied) to be held at the Gunter Ho- 


tel, San Antonio, Texas. Sponsors | 


are the South Texas Section of the 
Society for Nondestructive Testing 
Inc. and Southwest Research Insti- 








Further information | 
can be obtained from Reno R. Cole, | 


they’re safe 
with S[ETKO 
NU-CUP* 


et screws on the job! 











Whether it's supporting children 
on monkey bars or harnessing a 
spinning shaft you'll find NU-CUP 
set screws dig in deeper and hold 
tighter. The shaft illustrated here 
tells the story. 

NU-CUP has a 42% sharper point 
which penetrates in a deep, full 
circle giving tremendous holding 
power. In some cases it actually 
reduces the number of set screws 
needed for the job. 

You can get them in slabbed, 
slotted, hex or fluted socket. 


SEND FOR FREE TEST SAMPLES 
and full information. Ask about 
NU-CUP set screws. Catalog 23 free 
on request. 


*U,S. Pat. No. $ f 
2,778,265 


et 
crew 
& Mtg. Co. 


28 Main Street, Bartlett, illinois 
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Light-weight, compact and extremely versatile — the reliable 


NEW IP 250 INDUSTRIAL 
HYDRAULIC PUMP 


by 
LUCAS-ROTAX 





PUMP DETAIL 


Basic Pump 
Fixed Stroke 


Envelope size 113/,” x 7” x 7” . 3 Nomina! Rating at 3,600 r.p.m.. .18 G.P.M. 


Displacement (cub. ins./rev.)... 1.157 


One of the complete new range of quality built Working pressure up to 
f {Ibs./sq. in.) (continuous).... 3000 
hydraulic pumps and motors by Lucas-Rotax, 
% Speed up to 
> = ‘ ‘ 
the IP 250 offers many technical advances and sites bacceltivncianid 
advantages. * Small size * Low weight * Variable 
8 g Input h.p. at 1,000 r.p.m. and 


volume * Low noise level at higher operating speeds 1,000 Ib. per sq. in. differential 3.32 
* Low cost ® High efficiency * Fitted with integral or 


remote pressure compensator as standard equipment. Operating Temperature, .. .°F —40 to 200 


For further information, contact the agent or Direction of Rotation Either 


office nearest you today, or write for technical Pressure Compensator Range. . .500-5000 


literature. p.s.i. 


a product of creative enginecring by 


For further information coniact 


U.S. Representative: - " 

JULIUS KENDALL, at f 
Kenett Corporotion, q ah 

320 Washington Sireet : Soge Ke 
Brookline 47, Mass. : mene : 


LOngwood 6-0378 LIMITED, TORONTO 
A member of the Lucos organization 
OFFICES AND SERVICE DEPOTS BOSTON ® NEW YORK @ CHICAGO @ LOS ANGELES © HOUSTON @ SAN FRANCISCO @ CLEVELAND 
6005 THROUGHOUT NORTH AMERICA JACKSONVILLE © DENVER @ SEATTLE © BALTIMORE @ TORONTO @ MONTREAL @ VANCOUVER 
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ENGINEERING NEWS 





tute; further information is avail- 
able from R. B. Wangler, South- 
west Research Institute, P. O, Box 
2296, San Antonio, ‘Texas. 


Feb. 22-23— 

Seminar on Automation and Nu- 
merical Control, sponsored by the 
American Society of Tool and Manu- 
facturing Engineers, to be held at 
the Bond Hotel, Hartford, Conn. 
Additional information is available 
from ASTME, 10700 Puritan Ave., 
Detroit 38, Mich. 


March 20-31— 

Industrial Packaging Short Course 
to be held at Purdue University. 
Additional information is available 


from Mark E. Ocker, Conference 


Co-ordinator, Div. of Adult Educa- 
tion, Memorial Center, Purdue 
University, Lafayette, Ind. 


March 27-31— 

Third Symposium on Temperature 
—Its Measurement and Control in 
Science and Industry to be held at 
Veterans Memorial Auditorium, 
Columbus, Ohio. Sponsors are In- 
strument Society of America, Amer- 
ican Institute of Physics, and Na- 
tional Bureau of Standards. Further 
information is available from ISA, 
313 Sixth Ave., Pittsburgh 22, Pa. 


March 28— 

17th Annual Quality Control 
Clinic to be held at the University 
of Rochester, Rochester, N.Y. 
Sponsor is the Rochester Society 
for Quality Control. Further in- 
formation can be obtained from 
Albert D. Rickmers, Associate Pro- 
fessor, College of Graphic Arts and 
Photography, School of Photog- 
raphy, Rochester Institute of Tech- 
nology, 65 Plymouth Ave. South, 
Rochester 8, N. Y. 


March 28-29— 

Symposium on Nucleonics in 
Flight to be held at the Statler- 
Hilton Hotel, Dallas, Texas. Sym- 
posium will consider nuclear aspects 
of atmospheric and space systems 
for manned and/or unmanned 
space travel. Further information is 
available from Eldred L. Burkhard, 
Chairman, North Texas Section, 
American Nuclear Society, Convair 
Div., Forth Worth, Texas. 
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suppliers of quality 


perforated materials 


to American industry 


since 1883 


Complete 156 page catalog on request 


Circle 421 on Page 19 





How to Improve Parts Design with 


This Fresh Approach to Forging 


Many parts in use today are better as a result of 

design refinements suggested by COMMERCIAL’s forging 

experts. Below are examples of COMMERCIAL upset forg- 

ings which demonstrate how these design refinements have resulted 
in superior parts for the OEM at lowered cost. These examples 


may appear to you as unusual in design— 
and this is the point... 


Lead Edge Lip 


Dead Center Stub 


= 




















Design & Result C/L_| 
(concentric) 


REDESIGN (Hollow End) 


Long, Live Center Drill — 


0.0. 
tery 
1.D. mm 
a4 saa 
1.D.j 
0.D. 


Design C/L 











ue 
Result C/L (eccentric) \- 


— ORIGINAL DESIGN (Cupped End) 
Centering Ring 


Forging Redesign . . . Cuts Cost, 
Eliminates Tool Breakage, Cuts Scrap 


Original design of axle spindle forging required chucking 
on the O. D. to enable center drilling of both ends. Part was 
held between drilled centers for overall machining. Con- 
centric cupped axle end was center drilled blind with long, 
live center drill. O.D. and I.D. concentricity was difficult 
to maintain—causing eccentric drill centers. Result: tool 
breakage and machining scrap. 

COMMERCIAL’s redesign calls for a centering ring on in- 
side edge of hollow end, forged without concentricity prob- 
lem. Lead edge lip protects this important centering ring. 
The part can now be held for overall machining by a dead 
center stub engaged in the centering ring. Result: center 
drilling of open end not required, tool breakage eliminated, 
no machining rejects, metal savings. 
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REDESIGN 


Unusual 80 Ib. Forging . . . Reduces Cost, 
Replaces 95 lb. Casting 


Ball joint housing for heavy duty steer and drive mecizan- 
ism... formerly a steel casting. Field failures were traced 
to hidden metal faults. The housing was unable te withstand 
shock loadings encountered. 

Problem: redesign for required strength—part to be no 
larger, no heavier, same shape. 

Solution: an upset forging of unusual shape—flanged on 
one end, belled on the other, open at both ends. COMMERCIAL 
collaborated in the design and produced the part free of 
hidden metal flaws with sound, tough metal throughout — 
failures eliminated. Plus ... weight saving over 15%, saving 
in machining cost 10%, greater strength-to-weight ratio. 


Whew its w wital pat, 
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Macro-etch through 
longitudinal cross-section 
of Cluster Gear Forging 
by COMMERCIAL 


Fiber-like structure, 
retained regardless 

of subsequent heat treat- 
ment,is magnified 75 
times in micro-graph. 


Metal Quality Facts 


Forgings start with “Forging Quality” rolled steel... 
steel that is closely controlled in its making for the 
purpose of eliminating defects and obtaining sound- 
ness—surface and interior. Such quality steels have 
been hot worked to obtain maximum development 
of their potential physical properties. Grain structure 
has been refined into a fibrous flow in the direction 
of working. 

Mechanical hot forging of “Forging Quality” steel 
forces the metal in its plastic state to conform to 
specified shapes and achieves a vast improvement in 
its “as rolled” metal quality. Forging kneads the metal 
into a dense mass of strength and toughness and posi- 
tions it into commercially exact dimensions and shape 
in all directions. 

Upset Forging in closed dies produces by squeeze 
pressure a “looped” grain fiow and permits concen- 
tration of grain density at points where the service 
stresses are calculated to be the greatest. Also, con- 
trol of the directioning of the inherent fiber-like struc- 
ture provides for maximum strength of the metal at 
required stress points. Not only are the properties of 
the metal improved in all directions but also the 
metal structure is refined and compressed resulting in 
a structural uniformity that renders the metal remark- 
ably free from concealed defects. 
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External Boss REDESIGN 





One Piece Forging . .. Lowers Cost, 
Eliminates Four Piece Weldment 


Blank for hydraulic cylinder outer barrel used to position Nike 
missile...originally a weldment—a tube, two flanges and a boss. 

Problem: cut unit production time to meet crash program 
schedule, reduce assembly and machining cycle, increase 
strength-to-weight ratio. 

Solution: a difficult upset forging because of external boss. 
COMMERCIAL tooled and produced the part in one piece to 
print. Assembly time eliminated, less distortion... improved 
machining conditions, forged to closer tolerances, uniform 
metal quality, added tensile and torsional strength due to 
controlled grain flow, strength.’ »-weight ratio increased, 
delivery schedule satisfied. 

Ps 


nh eer’ . E 
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Advantages of Upset Forgings 


e Uniform strength, toughness and high fatigue resistance 
insure longer, more dependable service life for equipment. 


e Parts made closer to finished dimensions—cuts scrap, 
reduces machining and finishing time. 

@ Components can be assembled by simple production 
methods into complex parts. 

e Uniform response to heat treatment gives desired physi- 
cal properties of precise degree. 

e Higher strength-to-weight ratio obtainable—a vital factor 
in the design complexity of parts for the future. 


Features of Upset Forging by Commercial 


e Batteries of upsetters from 1¥%2” to 8"—custom or pro- 
duction runs. 


e Hydra-Jet descaling prior to forging reduces imbedded 
surface scale. 


e Magnetic particle depth inspection to detect metal faults 
before shipment. 


e “Task Forging” team steeped with experience in produc- 
ing the unusual upset forging. 


While designs are on the board, call on COMMERCIAL’S 
“Task Forging’ team to collaborate with you—send print 
or sketch, sample or prototype. Address: Commercial 
Shearing & Stamping Co., Dept. S-1, Youngstown 1, Ohio. 


LOUIE RCIA 


Shearing & stamping 
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CONTROL 
VALVES 


Whatever the application . . . whatever the 
service . . . whatever the pressure range. .”. 
whatever the size . . . whatever the actuation 
required . . . chances are you'll find a valve 
in the Hunt line exactly suited to your needs. 


Sizes range from ¥@ through 8 in. for vacuum 
to 300 psi air and for water, soluble oil and 
water, or oil to 5000 psi. 


Your nearby Hunt representative will be 
pleased to work with you. You'll find him 
listed in Sweet’s Product Design File. 


QUICK-AS-WINK® AIR AND HYDRAULIC 
For more information, write for Bulletin 603. VA ‘ VV oI oe 
Address Dept. MD-161, Hunt Valve Company, 


Salem, Obie. HUNT VALVE COMPANY © DIVISION OF IBEC © SALEM, OHIO 
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Seamless Steel Tubing comes in almost every shape and size, 


that is, if it’s USS National Seamless Mechanical Tubing. 


USS and National are registered trademarks 


National Tube 
Division of 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors; United States Steel Supp'y Civision; United States Stee! Export Company, New York 
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World’s first die-cast aluminum “six’ 


Saves 80 pounds for American Motors’ new 
Rambler Classic . . . incorporates specially 
bonded cast iron liners in dry sleeve design. 
This engine block is the biggest die casting ever mass 


produced. It’s the world’s first six-cylinder block for 
passenger car use to be die cast in aluminum. 


it’s « 67 pound lightweight including 14 pounds of cen- 
trifugally cast iron cylinder liners. That means a total 
saving of 80 pounds deadweight ... now standard in the 
new Rambler customs, optional in other Rambler models. 


Light but strong. Aluminum’s excellent physical proper- 


50 


ties are fully utilized by careful die cast design and 
photostress analysis. Outstanding strength, soundness 
and precision provide a big plus for heavily-emphasized 
Rambler quality. 


BMI bonding is simple and sure. The BMI—or Bi- 
Metallic Interlock developed by Doehler-Jarvis— 
mechanically “anchors” the liners by means of their 
specially prepared cast surfaces. Since these liners are 
centrifugal castings, no knurling, crimping or splining is 
needed. An intimate locking action occurs as the molten 
aluminum is injected into the die... under 8,000 psi. 
The result: an inseparable bond with excellent heat- 
transfer properties. 
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A block every three minutes . . . from 2,000 ton machines like 
this. In three tenths of a second, machine injects a 70-pound 
“shot” of molten aluminum ... under 8,000 psi. 


Pressure tightness of die-cast aluminum blocks is determined 
by testing on a machine specifically designed for this purpose. 
Advanced quality control helps protect highest standards. 


Centrifugally cast iron liners—up to 260 Brinell—are cast in 
place with specially prepared surfaces which lock insepa- 
rably with molten metal under pressure. 





EES, rsa 


Palletized for rapid delivery, these finished blocks can reach 
American Motors assembly plants by rail ... or in trucks of 
the Doehler-Jarvis fleet. 


rolls off the line at Doehler-Jarvis 


To design for efficient production, American Motors and 
Doehler-Jarvis engineers combined specialized know- 
how with liberal imagination. An oil gallery for hydrau- 
lic valve lifters is an integral part of the block casting. 
Liner inserts and loose pieces for casting undercuts are 
placed by automatic attachments that never slow down 
the casting cycle. 


To make new ideas pay off, perhaps you can use the 
facilities, resources and practical experience offered by 
Doehler-Jarvis. Eight plants provide the capacity—and@ 
the flexibility—to serve large companies well, and to 
help small ones grow. For detailed information, simply 
phone or write the nearest Doehler-Jarvis plant or office. 
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Doehler-Jarvis 


Division of 
NATIONAL LEAD COMPANY 
General Offices: Toledo 1, Ohio 
Plants at: 


D Toledo 
4 | Grand Rapids 2, Mich. 
Ri Pottstown, Pa. 
Batavia, N. Y. 
in Canada: Barber Die Casting Co. Limited 
Hamilton, Ontario 


In Brazil: Industrias Doehler do Brasil, S. A. 
Sao Bernardo do Campo, Sao Paulo 
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Another TUTHILL Application 











TUTHILL PUMPS 


Lubricate GARDNER-DENVER’S 


RP-900 Compressor 


Gardner-Denver describes its new model RP- 
900 as “‘the finest rotary compressors on the 
market’’. Developed for operation under the 
most extreme climatic conditions the new units 
are designed to provide the greatest possible 
dependability in the roughest service. 

Essential to the RP-900’s dependable per- 
formance is its lubricating oil pump. Gardner- 
Denver selected Tuthill to work with its engi- 
neers in developing a unit which would provide 
positive and metered oil-flow to assure lubrica- 
tion, cooling and sealing under all operating 
conditions. 

Tuthill’s standard pump 5C, especially modi- 
fied to meet the demands of this particular 
application, was selected. Adapted for operation 
at 1800 rpm, the Tuthill unit is mounted directly 
on the compressor rotor shaft. Special mounting 
brackets and shafts, developed by Tuthill’s en- 
gineers, facilitate assembly and maintenance of 
the compressor. 


Tuthill manufactures a complete 
line of positive displacement 
rotary pumps with capacities 
from \ to 200 gpm; for pressures 


to 1500 psi; speeds to 3600 rpm. 


ed 
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800 Standard Models 


The model 5C, modified for use by Gardner- 
Denver, is only one of ever 800 standard models 
in Tuthill’s complete line . . . providing a com- 
plete selection for a wide variety of require- 
ments in lubrication, hydraulic, coolant, refriger- 
ation, air conditioning, and many other services, 

Very probably a Tuthill model will supply an 
economical, dependable answer to your pumping 
problem. For special applications, Tuthill’s en- 
gineers have extensive experience in modifying 
these standard units, as for Gardner-Denver 
above. Or they will work with you in develop- 
ing an entirely new unit, adapted in every de- 
tail to the requirements of your application. 

Catalog 100 gives an over-all picture of 
Tuthill’s complete line. Write for your copy 
today. Or, to speed things up, send drawings 
or other information on your application so 
that our engineers can indicate ways in which 
Tuthill’s pump know-how can save you money. 


953 East 95th Street, Chicago 19, Illinois 
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Never underestimate the 
cost-saving advantages of 


INU. 


e address this statement to design, tool, savings carry over to the assembly line, too. 
production, inspection and assembly No stand-by equipment. No machining. No 

engineers... grinding. No counting, stacking or miking. And 

Holding to extremely close tolerances is.a no dirt between layers—ever! 

costly procedure. You know that. What you may 

not know is that frequently you can ease up on Get the facts gene 

tolerances without sacrificing a single thou- pair ie abel yori 

‘ t i bly objectives. P — t 

sandth of your precise assembly objective that gous wii it. Ther're 


How? By using LAMINUM! all illustrated and des- 
LAMINUM is the registered trade name for cribed in our Shim De- 


laminated shims whose layers are completely — Folder No.4. Write 
surface-bonded to look and act like solid metal. or it. 


The layers are easily p-e-e-l-e-d to bring the THE LAMINATED SHIM COMPANY, INC. 


shims to any desired thickness—for a thou- Wéik Giast Gitte ditties 
sandth fit right at assembly. 

With LAMINUM in the specs, machining op- 600 SIXTEENTH ST., OAKLAND, CALIF. 
erations become less critical, faster and less Home Office and Plant 
costly. Inspection is simpler and less costly. The 1201 UNION STREET, GLENBROOK, CONN. 
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BRASS @ MILD STEEL @ STAINLESS @® ALUMINUM ®@ WITH LAMINATIONS .002” OR .003” 





BRAND NEW IDEA... multiple positioning 
ina simple, low cost 





selector switch 
telephone dial 
thermostatic switch 
ya Pg pressure switch 
‘fer f timer & others 


/or relay 


Hanna-Powr Positioner 


~ 
“SS 


air or oil 
cylinder 


Hanna-Powr Positioner 


vy 


> 


NC. 


Te 
K 


HANNA-POWR’ POSITIONERS 


THE NEW HANNA-POWR POSITIONER 
is a simplified, low-cost servo-mechanism used 
with air or hydraulic cylinders, electro-me- 
chanical or other power drives to respon- 
sively achieve predetermined positions. The 
POSITIONER will also feed a signal to a 
read-out station to indicate the position point. 
Controls, such as selector switches, timers, 
thermostatic switches and others, feed signals 
to the POSITIONER for station selection— 
as many as 14 per foot of stroke. Infinite vari- 
ations in positions are possible by simple 
movement of ihe adjustable limit switches. 


Stroke lengths may vary from a few inches to 
several feet to suit each application. 

HANNA-POWR POSITIONERS save the 
time of designing special controls and cams, 
offer convenience of installation with one 
simple mounting for a group of controls, and 
cut maintenance costs by protecting all con- 
trols in a sturdy, dust-tight housing. 

Your individual problems will suggest many 
uses for the HANNA-POWR POSITIONER. 
For more detailed information call your nearby 
Hanna Representative, (See “Cylinders” in 
the yellow pages), or write us for Catalog 500. 


Ives and Other Hydraulic and Pneumatic Equipment 


1751 Elston Avenue * Chicago 22, Illinois* BRunswick 8-2710 
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GATE POSITIONING 











MULTIPLE POSITIONING 


a 
INDEXING 
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Callitroga hominivorax...an impressive name for 
a vicious killer. Three times as large as a housefly, 
it no longer costs millions of dollars in the South- 
east, thanks to atomic radiation and the unique 
properties of Nickel Stainless Steel. 


Atoms clobber a *20-million-a-year pest 


How Nickel Stainless Steel helped 
fight costly cattle menace 


A few small flies can kill a full-grown 
steer in ten days. 

They call this killer Callitroga homi- 
nivorax, or screwworm fly. It used to 
cost Southeast cattlemen 20 million dol- 
lars a year. 

Thanks to a peaceful use of atomic 
energy, the U.S. Department of Agri- 
culture reports that Callitroga homini- 
vorax was completely eradicated within 
seventeen months. This achievement 
may mark a new precedent in modern 
methods of pest elimination. Over two 
billion laboratory-raised male flies were 
sterilized by atomic radiation and then 
released. Because the females then laid 
sterile eggs, the screwworm fly popula- 
tion was destroyed. 

Sterilization was accomplished by 
exposing males to gamma radiation 
from Cobalt 60 within a lead-shielded 
cask of Nickel Stainless Steel. 

Nickel Stainless Steel was chosen 
by the designers, Knapp Mills Inc., for 
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several reasons. It gives strength and 
rigidity to the cask’s interior for greater 
handling safety. It stands up to the nitric 
acid solution used for radioactive de- 
contamination — a cleaning process that 
plays havoc with less corrosion-resisting 
metals. And its sanitary, attractive 
appearance adds sales appeal to any 
product. 

Are you in the atomic energy field 

. or any field where you need a 
metal with a combination of superior 
properties? Consider the advantages of 
Nickel or one of its alloys when plan- 
ning the construction of your equipment. 
Help with any metals problem is avail- 
able from Inco. Just call or write us. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street Aken, New York 5, N. Y. 


The Irradiator, nemesis of screwworm flies, is 
fabricated of Nicrolum*—a Nickel Stainless 
Steel to which lead has been metallurgically 
bonded. Six of these m»chines brought the 
fly menace under control. 


*T.M. of the designer-manufacturer, Knapp Millis, 
Inc., Long Island City, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 55 
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Of all the leading makes... 


ONLY GENERAL ELECTRIC 
MAGNETIC STARTERS FIT 
THIS SMALL SPACE 


This outline is the ACTUAL SIZE of General Electric’s Size 1 
100-Line Magnetic Starter—the ONLY LEADING STARTER 
that offers such compact design. With these smaller G-E starters, 
you have greater flexibility of panel or machine design, plus ad- 
vanced design features that add reliability to your product. This 
reliability has been field proved on over a million General Electric 


starters. For more facts, contact your G-E sales engineer, or write 


Company, Schenectady 5, N, Y. 
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7, a Movable Contact Assembly 


Yad! of 100- Line Starter 


LESS BOUNCE, LONGER LIFE RESULT FROM SLANTED CONTACT DESIGN, 
HORIZONTAL ACTION. Bounce on closing and dust accumulation are two 
major causes of contact deterioration. General Electric's slanted contacts 
and horizontal action virtually eliminate both problems. The unique 
angled mating of contact surfaces provides positive “make” and “break,” 
with less bounce, less resultant arcing. The slanted surfaces shrug off 
dust and other contaminates that could cause contact pitting. 


for Publication GEA-7020, Section 811-15, General Electric 


GENERAL @@ ELECTRIC 
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MAGNETIC STEEL ARC TRAP EXHAUSTS 
CONDUCTIVE GASES, REDUCES CON- 
TACT EROSION. Size 2 starters feature 
arc trap which exhausts ionized gases, 
contains and quenches arcs. Arc trap 
splits and cools arcs quickly, reducing 
contact erosion, extending contact life. 





STRONGBOX MOLDED COIL 
PROVIDES POSITIVE PROTEC- 
TION FOR COIL WINDINGS. 
Glass-filled alkyd resin pro- 
tects coil to prevent flexing of 
windings, and resists dirt, oil, 
water, and mechanical damage. 
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| You get MEASURABLE ADVANTAGES 


POSITIVE “MAKE,” CLEAN 
DROP-OUT PROVIDED BY G-E 
MAGNET DESIGN. Any voltage 
sufficient to move magnet seats 
it firmly. Clean drop-out re- 
sults from machined air-gap, 
short flux path. 





e ah with GENERAL ELECTRIC CONTROL 





STRAIGHT THROUGH WIRING ALLOWS 
QUICK, NEAT INSTALLATION. All line 
terminals are at top, all load terminals 
at bottom. This speeds installation, pro- 
vides neater appearance. Pressure type 
terminals accept solid or stranded wire, 
ring or spade connectors. 
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BIMETALLIC OVERLOAD RELAYS ARE 
TRIP-FREE, ADJUSTABLE +15%. Bimetal- 
lic relays standard on 100-Line starters, 
cannot be reset while overload exists. 
Handy knob allows +15% adjustment 
of trip setting. Overloads can be reset 
manually or automatically. 
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FULL-FRONT ACCESSIBILITY 
ALLOWS EASIER INSPEC- 
TION, WIRING, MODIFI- 
CATION. No extra space 
needed—contact inspection, 
coil change, overload ad- 
justment done from front. 
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Belleville Compression Conical 


4 \8 


Energy Cartridge F xtension 


Swivel End Torsion 
D Variable Pitch 


Answer your 

“‘where to get it” questions- 
by calling on the versatile 
experience represented 

by these typical springs and 
stamped parts. Here is 
unusual ability to analyze 
your part from both design 
and production efficiency and 
to make cost-saving 
contributions where possible. 
Whether your requirements 
are large or small, routine or 
extreme precision, you’ll get 
a better brand of service 

and quality from the best 
springmakers in the business. 


Hairsprings Helical Hourglass 














~ 








Assemblies Catches Electronic Coils 


Fasteners Plates Retainers Stampings Terminals 





Send for ‘‘Pocket Guide to 
Springs and Other Things’”’ 
—a quick picture of our 
products and services. 











Washers Wire Forms 


Associated Spring Corporation General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N.Y. |§ Raymond Manufacturing Division, Corry, Penna. B-G-R Division, Plymouth and Ann Arbor, Mich. 
F. N. Manross and Sons Division, Bristol, Conn. Ohio Division, Dayton, Ohio Gibson Division, Mattoon, Ill. 

Dunbar Brothers Division, Bristol, Conn. Cleveland Sales Office, Cleveland, Ohio Milwaukee Division, Milwaukee, Wis. 

Wallace Barnes Steel Division, Bristol, Conn. Chicago Sales Office, Chicago 46, Ill. Seaboard Pacific Division, Gardena, Calif. 
Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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T. R. Corn, Sales Engineer, Akron District Office. 


This is Tom Corn, a Reliance Sales Engineer. 
Use this man the way he can be used, and 
you'll be buying not only good products, 

but a trained insight into the problems of 
applying electric motors and drive systems 
to products and processes, such as 


RELIANCE ELECTRIC AND ENGINEERING COMPANY 











Reliance meets the peculiar needs of 
progress. 


Loading or unloading of United Jet Mainliner passengers in three minutes is now an 
accomplished fact at major air terminals. 


Product of the jet age, this “Jetway” passenger loader came to life as a result of 
some unique engineering on the part of Reliance and the Pacific Iron and Steel Co. 


Reliance engineered a drive system that makes the “Jetway” as easy to handle as 
an automobile. One operator moves it into position against the plane doors in less 
than a minute. Operation is smooth and stepless. Separate controls compensate for 
weight changes as the load shifts from plane to ramp and vice versa. 


Adapting Reliance products to this unusual vehicle called for imagination and 
ingenuity .. . and the “Jetway” works fine. 


The “Jetway” ramp now is used by several major airlines, and 
is operated by Reliance gearmotors, electronic exciters and 
motor-generator sets which convert airport a-c. power to d-c. 
More “Jetway” ramps are being installed at important terminals 
throughout the country. 


RELIANCE ELECTRIC AND ENGINEERING COMPANY 
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Something more than electricity 
keeps this Reliance Motor running. 


The oil field motor that drives this unit is protected, inside and out. It is not affected 
by dust, dirt, water or changes in the weather. 


Reliance engineered and built this weather-proof motor, which is operating an oil 
well pump, in order to provide continuous operation with negligible maintenance . . . 
otherwise it wouldn’t be where it is. 

There are many such areas in ‘he country where Duty Master Motors are subject 
to extreme environmental condivions. Yet the weather-proof is only one of a broad 
line developed to meet any a-c. motor requirement . . . and that takes in a lot of 
territory. Duty Master’s wide acceptance is testimony to the creative engineering 
which produced it. 

This 15 hp. Duty Master operates an oil well pumping unit at 
the Fair-Glenn Field, Sapulpa, Oklahoma. Sound insulation, 
rodent screens and the “Metermatic” lubrication system are 
vital qualities of this motor which performs so well in areas 
where weather and infrequent supervision are factors. It runs 
24 hours a day regardless of adverse conditions. 


RELIANCE ELECTRIC AND ENGINEERING COMPANY 








It takes more than horsepower to 


make a quality product. 


These two super-calendar machines put a rich, glossy finish on paper. Alternate 
steel and cotton rolls produce a buffing, or polishing action on the previously treated 
product. Reliance Drives keep speeds of various rolls exactly regulated so that 
uniform, precise tension is maintained. 


The big design trick here is to maintain exact tension during acceleration and 
deceleration of the drive system. Process requirements call for frequent speed changes. 
Any variation of tension during these changes is dangerous. The paper ‘‘web’’ can 
break, rolls can jam, the system can go haywire. But this one doesn’t. 


Reliance Engineers were in on this installation from start to finish . . . worked with 
company engineers to assure sound operation. 


Tachometer feed-back systems with Reliance regulators keep 
the system perfectly controlled. Motors are synchronized to keep 
paper flowing smoothly at 2,000 feet per minute. A total of six 
machines in this mill are powered and controlled by Reliance, 
testimony to creative engineering and intelligent application. 


Reliance Sales Engineers are ready to help your company solve motor and drive 
application problems . . . and they will act quickly and efficiently. There is a Reliance 
office near you. Check your telephone Yellow Pages . . . write, or call us direct. 
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Product of the combined a b L | A he C a ELEC TRIC AND e 

einen ot ENGINEERING CO. 
DEPT. 344A , CLEVELAND 17, OHIO 
Canadian Division: Toronto, Ontario 

Sales Offices and Distributors in Principal Cities 


Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, VxS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 








Some Ideas 


Six years ago, K&E introduced the very 
first polyester-base drafting film—a special- 
purpose medium featuring extreme dimen- 
sional stability. Experience with that film 
indicated that a definite need also existed 
for a genera!-nurpose drafting film, if one 
could be perfected. About two and a half 
years ago we succeeded, introducing 
HERCULENE® Drafting Film —the first 
polyester-base medium for general draft- 
ing to meet professional standards. Many 
recognized its value immediately, stocked 
up on HERCULENE, and have used it 
happily ever since. Others —a bit more 
“canny” about adopting a relatively un- 
tried medium — deferred decision, saying 
“see us in a year or so.” Still others — 
having tried one or more of the other films 
marketed immediately after HERCULENE 
— seemed permanently disenchanted with 
all film based media. What with the pas- 
sage of time and much favorable ado 
about drafting films in general, we rather 
think that those once stung may now have 
adopted a more congenial attitude — so we 
address ourselves solely: 


To fence-sitters everywhere... 
Just as we felt in ’58, we feel today, that 
film has an important place in the drafting 
room. The only difference now is that ex- 
perience has proved it so. Since 1958, the 
number of HERCULENE users has grown 
by leaps and bounds. All, we’re happy to 
say, have found HERCULENE a wel- 
come, efficient, and much needed addition 
to their stock of drafting media. It is these 
HERCULENE users who have written the 
record. Their many and rigorous tests, 
their months of experience, their numerous 
successes and continuing satisfaction are 
convincing evidence that HERCULENE is 
all we said it would be. 


Why all the fuss about 
HERCULENE?... 
HERCULENE combines practically all 
the qualities of a perfect drafting medium. 
An excellent product when introduced, it’s 
even closer to perfection today. Working 
with major film users, K&E specialists have 
refined HERCULENE in many subtle 

ways since its introduction. 


Unlike cloth or paper, HERCULENE is 
virtually indestructible. No matter how 
roughly or frequently a HERCULENE 
tracing is handled, it will never crack, 
wrinkle or fade. Absolutely waterproof, a 
HERCULENE drawing can never be per- 
meated and ruined by moisture. Filed 
away, HERCULENE will last indefinitely. 
And HERCULENE has body, too, mak- 
ing it far easier to handle and file, and to 
keep flat on the drawing board. 


Most of the refinements made in HERCU- 
LENE since 1958 have concerned its engi- 
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for your file of practical information on 
drafting and reproduction from 


L_____— ——- KEUFFEL & ESSER Co..---————-—-—-—~4 


A UNIQUE 
FACE Aa 

TRANS? 

K&E ERCULENE 


neered drafting surface. HERCULENE’s 
surface “take” for pencil, ink and typing is 
now better than ever. Erasability, of course, 
is excellent for all three. Contrast has been 
built up for sharper definition of line, too, 
yet all the transparency necessary for fast, 
clear reproductions has been maintained. 


Two big bonuses, too... 
A significant chapter in the HERCULENE 
story has been the development of a water- 
proof writing mate the Duralar plastic 
pencil. Drawings made on HERCULENE 
with this waterproof pencil can actually be 


washed in soap and water. Even gray, 
grimy “unreproducible” drawings can be 
washed spotless with this new technique. 
Many firms now use the HERCULENE 


Gentlemen: 


of the Ruwe and Duralar Pencils. 
Name & Title 
Company & Address - 
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KEUFFEL & ESSER CO., Dept. MD-1, Hoboken, N. J. 


Please send me your new brochure, titled “A Report on the Growing Acceptance 
of Polyester Film,” a sample sheet of HERCULENE Drafting Film, and samples 


Wwafting 
the 


° 
ls 
~ ‘tebe 
ium you can use. 

4 
Duralar team exclusively... and are realiz- 
ing undreamt-of savings in costly re-draws. 
Some firms, of course, by virtue of smaller 
work volumes and “cleaner” or less fre- 
quent handling, will have little need for 
this new wash technique. Of particular in- 
terest here is another K&E exclusive re- 
cently introduced —the amazing Ruwe 
pencil. The Ruwe pencil will not withstand 
washing, but in every other respect, this 
new pencil is graphite-plus. Although of 
plastic composition, the Ruwe pencil has 
all the “fine” feel of graphite, erases well. 
and deposits a sharp, dense black line. 
The big bonus: Ruwe pencil lines are 
virtually smudge-proof. Rendered on 
HERCULENE’s engineered drafting sur- 
face, they actually resist smudging better 

than graphite on regular paper! 


We leave it to you... 
[he best test remains the one you make 
for yourself. We've just completed a new 
brochure, titled “A Report on the Grow- 
ing Acceptance of Polyester Film.” In it 
is detailed most of what we have learned 
about HERCULENE and its use since 
1958 — including tests you can make to 
assess its every property. We'd like you to 
have a copy of this new brochure — plus a 
sample sheet of HERCULENE, a Duralar 
pencil, and a Ruwe pencil —for your own 
private testing. To get these free samples, 
simply fill out and mail the coupon below: 


2 siiniaataenaiae singlets .4031 
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How to improve product: design 
through better material selection 


This advertisement is one of a series 
on the advantages of Carpenter Stain- 
less Steel. As a handy reference for 
material selection, these data can pave 


the way for successful results on your 


next assignment. 


Higher elastic modulus 


oe en 


The elastic modulus of an alloy is one 
of the most important properties used 
in the design of springs, fasteners, 
diaphragms and many other compo- 
nents subject to stress in service. Ma- 
terials with a high modulus deform 
very little under load; materials with 
a low modulus may be completely un- 
satisfactory because of excessive di- 
mensional change. Stainless steels with 
a modulus of about 29 million psi., are 
ideal for use in such structural com- 
ponents particularly when either cor- 
rosion or heat resistance is also needed. 
The chart above shows the elastic mod- 
ulus of materials sometimes considered 
for such applications. 


Better corrosion resistance 


A good example of Carpenter Stainless 
resistance to corrosion, The nozzles 
used to fill storage batteries with elec- 
trolyte were formerly made from hard 
rubber. These rubber nozzles did not 
corrode, but they broke frequently, 
and proved costly to replace. After 
switching to Carpenter Stainless No. 
20Cb, all problems were solved. No 
breakage .. . 


no corrosion . . . more 


production per shift. The perfect 
choice of material for this highly cor- 
rosive application. 


Increased productivity 


Big results in miniature . . . with 
Carpenter Mel-Trol® Stainless No. 
440-C. Ten of these miniature preci- 
sion bearings laid side by side measure 
only one inch in length! A miracle in 
close tolerance machining was required 
to fabricate the race and ball retainers 
for these bearings. Since a change to 
Carpenter Mel-Trol No. 440-C, this 
manufacturer has realized a 200% in- 
crease in production. A big improve- 
ment for a small item. 


Elevated temperature properties 


| Stiles Type 410 
ER aie caper mcariee eager SRA: Ee 
T 





200 


Tensile Strength (psi x 10-*) 


Much of the newer industrial and mili- 
tary equipment is being designed for 
service at temperatures higher than 
ambient but not high enough to justify 
the use of the special high temperature 
alloys, for example, the maximum op- 
erating temperatures of 400 to 800°F. 
Alloys other than stainless steels have 
been considered for such applications 
but from both an economic standpoint 
and the stress requirements, one of the 
stainless steels is usually found to be 
the best selection as indicated in the 
chart above. 


[arpenter sieel 


you can do it consistently better with Carpenter Stainless Steels for specialists 


Application engineering service 

To help improve stainless steel per- 
formance on almost every application, 
Carpenter has placed in the field this 
extra service for all its customers. 
Armed with skill and technical know- 
how, each Carpenter Representative 
is available for ideas and suggestions 
to improve the products you are con- 
templating. His vast knowledge of new 
products, plus application guidance 
and practical assistance can be of great 
help to you. Get in touch with the 
Carpenter Representative nearest you. 
You'll find him a good man to have 
on your team. 


Additional help 

Space does not permit a complete list- 
ing of description and application sug- 
gestions for all grades of Carpenter 
Stainless Steels. For detailed informa- 
tion on all grades of Carpenter Stain- 
less, write today for the Technical Data 
Sheets available upon request. 





Are you getting all these 
performance characteristics in 
the materials you specify ? 


(_] brilliant finish 

[_] maximum strength 
[_] corrosion resistance 
(| uniformity 

[| hardness 

(_] versatility 

_} good machinability 
(_] ease of fabrication 
[_] exacting tolerances 
[_] long service life 

[_] customer satisfaction 


Carpenter Stainless gives you 


all these .. . and more! 











The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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have served the Engineering and Architectural profession since 1! 


tracings stillServe our many friends today, as they have -served 
Pape rs are watermarked for your protection. 
UNIFORMITY , 
The Unchanging Character of CLEARPRINT Papers includes an ideal Ink 


ianent Transparency—Outstanding Erasing as well as Handling—Reproduction and 


to the above we have added—Clearprint does not discolor with age 

Lt ASING QUALITIES vital INK AND cg gygeehlee LINES 
Dra wn and. redrawn~—in the same areas—prove CLEARPRINT’S ‘unequalled 
Please hold our erased san ed s to the light and be convineed. 
PRINTING - HANDLING - AND LASTING QUALITIES 


The Files of our many friends prove that CLEARPRINT ovriginals are not 


creases—tney yield coples O 


CLE ARPRINT’S VALUE TO. YOU 


mall eeestaleeent supposed] Saved. DY aye ying < nheaper paper 
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I fine definition. 


1 


hen compared to the yalue of the drawings involved. 
WE RECOMMEND ¥ 
No. 1015 for. transparency ¢ No. 1000H for regular tracings « No. 1 
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Please ask for erased samples. ‘ 
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"FORMS * CHARTS: i GRAPHS 

“PRE-PRINT” PAPER 


THERE 1S NO SUBSTITUTE ae 
__ Cearprint is Watermarked For Your Protection ~ 
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On special fasteners, SPS gives 
you more than just a quotation 


When SPS quotes on your special 
threaded fastener, you get more than 
just an accurate estimate of cost. You 
also get design confirmation. Our 
engineering and methods people not 
only interpret your prints and specs; 
they also analyze them—carefully. 
And if they have any questions (socket 
depth, fillet radius, etc.), they double- 
check with you. 

Certainly nobody knows all the 
answers on threaded fasteners. But 
we can say this: No one in the indus- 
try has invested more in fastener 
research and development than SPS 

. with commensurate results. Be- 
cause of this experience, we believe 
we can offer a constructive or eco- 
nomical design suggestion where spe- 
cials are concerned. 

Production facilities? SPS can meet 
any requirement you may have in a 
socket-type fastener. Special con- 


figuration, special material, special 
threads, special plating or surface 
treatment, special tolerances .. . we 
are equipped to handle them all, 
utilizing the most advanced manufac- 
turing and quality-control techniques. 

Whatever your needs in threaded 
fasteners, it will pay you to check 
with SPS. Whether you want design 
confirmation or complete engineering 
consultation service from the outset, 
we make it our business to see that 
you get a sound, reliable part. Con- 
tact your local SPS distributor or 
write Standard Pressed Steel Co., 
SPECIAL INDUSTRIAL FASTENER Divi- 
sion, SPS, JENKINTOWN 18, Pa. 


where reliability replaces probability 
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From extreme specials to near-standards,SPS 
can meet almost any conceivable requirement 
you may have in configuration, material, 
thread form, finish or tolerances. 
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Don Erb, Chief Engineer—Develops needs into wants. 


Torey Montesi, Purchasing Agent, 

Production Manager, and Plant Superin- 

tendent—Warner value analyst, from re- : ‘ 

ceiving room to shipping ‘platform. , . y d arr - 








Warner Sales Engineer, Torey Montesi, and Don Holmes, Design Larry Cedrone, Customer Sei 
Engineer—Search is for standard components built by specialists. Encourages customer to learn 
The gentleman who wrote: “Build a better 5. Foo 
mousetrap, and the world will beat a path to terloc} 
your door,” sloganized a now trite but obvi- agains 
ously sound marketing philosophy. 6. Red 
Instron Engineering Corporation makes this can be 
formula work. Executives of the Canton, tion o: 
Mass., firm plan their industrial instrument line Compl 
around self-established criteria of good testing elimin: 
methods...almost disregard conventional con- 
cepts and equipment. By kee 
In doing so, the principles of Warner elec- autom: 
tric motion control have provided a lush feed- co-fou 
ing ground for Instron engineers eager to find Instro1 
new ways to increase versatility and auto- cations 
maticity of their equipment. Result: Valuable quality 
W | . b k new tools and techniques for industry —and rials te 
arner e ectric ra es a growing number of customers following the ; 
path to Instron’s door. Desi 
Model 


d | t h Here are specific product improvements d 
an C u C es stemming directly from Warner electric brakes advant 


and clutches: mounte 
2 2 ie quick- 
kee Instron desi nin 1. Increased accuracy—Four-millisecond actu- differe: 
p £ 4 ation of interlocked electric brakes and mecha: 
lutches improves contro! 
. ee Se “ to char 
ahead of industry 2. Prevention of obsolescence—Compact elec- 
tric brakes and clutches permit new compo- _Geor 
nents to be designed as plug-in attachments visuali: 
for machines in the field. cially \ 
SES industr 
3. Increased productivity—Pushbutton control , 
se sna special: 
speeds operation, makes statistical testing ; 
; to simu 
economically feasible. 
4. Versatility—Direct electrical actuation of Elim 
clutches simplifies control of selsyn drive disengé 


from a low-power reference unit. movem 





Leo Quintiliani, Buyer, and E. J. Tolle, Sales Man- 
ager—Customers find uses they never draamed of. 


er Service Manager— 
learn by doing. 


Foolproof operation—Simple electrical in- 
rlocking of clutches and brakes guards 
ainst machine damage. 

Reduced cost—Eighteen different speeds 
n be pushbutton-selected by direct actua- 
yn of clutches in new quick-change drive. 
ymplex mechanical linkages and controls are 
iminated. 


; keeping design pressures on versatility and 
itomaticity, Harold Hindman, President and 
-founder of the company, has catapulted 
stron into leadership in just 14 years. Appli- 
tions for Instron testers have expanded into 
iality control, as well as to complex mate- 
als testing and research in various industries. 


Design Engineer Don Holmes credits Warner 
odel 100 units for adding important sales 
vantages to the Instron line. Eleven flange- 
ounted clutches are mounted in a compact 
lick-change drive (left) which provides 18 
fferent speeds in two ranges to the servo- 
chanism.The technician just pushes a button 
change speeds. 


George Burr, Vice President and Secretary, 
sualizes the quick-change feature as espe- 
lly valuable in the chemical and plastics 
ustries. With quickly changeable speeds, a 
ecially equipped Instron Tester can be made 
simulate injection-molding equipment. 


Elimination of time lag for engaging and 
sengaging direction of travel, in stopping 
ovement, and in recording test data is a crit- 


George Burr, Vice President and Secre- 
tary—Warner distribution serves Instron 


overseas. 


ical requirement at Instron. Since Warner 
electric brakes and clutches require only four- 
millisecond response, they have become an 
important part of Instron’s new product and 
product improvement programs. But most im- 
portant, direct electrical actuation simplifies 
automatic operation, permits integral control of 
remote integrator or recorder and tester, and 
provides a ready-made system for interlocking 
machine motions and preventing damage. 


Precision instrument buyers look at controls 
first, so why not put proved performance 
where your customers see it? 


Electric motion control by Warner is pioneer- 
ing new concepts for nerve centers in machine 
design. Brakes and clutches you can hold on 
the tip of one finger easily control: no-load 
starting, multiple-drive synchronization, rapid 
cycling, fine-increment inching and jogging, 
rotary and lineal positioning, foolproof inter- 
locking, and many other machine functions 
your customers look at first when purchasing 
or replacing equipment. That’s why a Warner 
sales engineer can be a valuable contributor 
to your product improvement program. 
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Warner Electric Brake & Clutch Co. 


Beloit, Wisconsin 
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A wild boar was sharpening his tusks against a tree. ‘A fox passing by asked the boar 


why he did so. “I can see no reason why you sharpen your tusks,” said the fox. “There 


are no hunters around, or any other dangers near us that I know of.” J The wise old boar kept 


rubbing his tusks and replied: “Quite true, my friend, but when danger does come, I will have 


other things to do than sharpen my tusks.” 


moral: Today’s planning is tomorrow’s 


performance. 


While you pian tomorrow's tooling, take a sharp look at your 
cylinders. High cost of machine time demands reliable perform- 
ance from such components in order to compete profitably. 
Hydro-Line cylinders have two important new advantages to help 
keep your machines performing at peak efficiency, tomorrow 
and today. 


Rod seals and wipers for our series N2 cylinders are made from 
Du Pont's Viton® — unsurpassed for resistance to heat and 
hydraulic fluids. (Viton seals and wipers are optional, at slight 
additional charge, on series R2 cylinders.) 


Chrome-plated barrels for Hydro-Line air cylinders withstand 
scoring on the most rugged applications. These hard chrome- 
plated barrel inside diameters also resist corrosion and wear to 
help you avoid costly downtime and missed shipping dates. 


Look in Sweet’s Product Design File for dimensions ot our 
standard stock cylinders, ready for off-the-shelf delivery. Check 
the address of your nearest Hydro-Line representative. Then 
ask him to help you select the correct cylinder for hydraulic 
applications to 5000 psi and air operations to 200 psi. 


Viton is a registered trade-mark of E. |. du Pont de Nemours & Co. (Inc.) 


HYDRO-LINE 
CYLINDERS 


5600 PIKE ROAD © ROCKFORD, ILLINOIS manufacturers of 
high- and low-pressure hydraulic cylinders * heavy-duty air cylinders * adjustable 
stroke cylinders * dispensing cylinders © intensifiers © single-acting cylinders * booster cylinders 
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WHETHER YOUR PART IS TINY... 
OR WEIGHS 100 POUNDS... 
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investment cast 
it for you 


Today, no matter how large the part on your 


drawing board . . . whether it weighs a few 
ounces or as much as 100 pounds . . . Arwood 
can investment cast it. It makes no difference 
what the metal or alloy is. We cast all castable 
materials, ferrous and non-ferrous, including 
magnesium. So now you can reap the benefits of 
investment casting in the broadest range of 
part sizes, weights and materials ever. Benefits 
like freedom to specify the best possible metal 
for the job... sharply reduced production costs 


Machine the simple... cast the complex 


A complete service from design through tooling, 
production and finish machining. Seventy - one 
engineering representatives from coast to coast 
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on complex shapes . . . quick, inexpensive tool- 
ing in design development work. 

Add to these the advantage of having a single 
casting source for all your investment cast parts, 
both large and small. 

Our five foundries can give you the metal 
you need, the shape you need, and the quantity 
you need, from a few design prototypes to many 
thousands. 

Write for your free copy of our 44-page book- 
let, “Practical Guide to Investment Casting.” 


-arwood -¢ 


ARWOOD CORPORATION -« 315 West 44th Street, New York 36, New York 


PLANTS IN BROOKLYN, N. Y.; TILTON, N. H.; GROTON, CONN.; LOS ANGELES AND LA VERNE, CALIF, 
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Actually, this “derby hat” is a cattle-watering device, drawn from a flat sheet of 18-gage USS 
Galvanized Steel. We're showing it to demonstrate the severe forming USS Galvanized Steel 


Sheets can take without the zinc coat flaking off. Even after this deep draw, the protective zinc 


coating shows no signs of flaking. (] Deep draws, severe forming, and 180° bends 2re no problem 


when you use USS Galvanized Steel Sheets. Here are the benefits you get: economy, ease of fabri- 
cation and excellent corrosion resistance. They all add up to a quality product. For your next 
job, specify USS Galvanized Steel Sheets. 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Steel — San Francisco 

Tennessee Coal & iron—Fairfield, Alabama 
American Steel & Wire—Cleveland 

United States Stee! Supply — Stee! Service Centers 
United States Steel Export Company 


United States Steel —reaocmarx 





























This mark tells you a product is made of moder», dependable Steel. a 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 























For quick access and closure... 


LION 


Y4 TURN OPEN 


NO. 5 STUD RETAINER 


Hinged and completely removable 
panels are secured reliably by unique 
Lion Fasteners which are opened or 
closed by a quick % turn. These mil 
spec (MIL-F 5591A-ASG) fasteners 
have a high strength to weight ratio, 
lock smoothly with a positive grip, 
withstand vibration. 


ALIGNMENT NOT CRITICAL 

Both stud and receptacle “float” to 
accommodate misalignment. The hole, 
which retains the stud, is twice as 
large as the stud cross-section. This 
permits a float of .070 in all directions. 
The leaf spring receptacle also floats 
to accommodate stud positions. 


WIDE VARIATIONS IN STACK HEIGHT 
Total sheet thickness may vary as much 
as +.035 or —.015 without affecting 
operation. A Lion stud, specified for 
.160 total thickness, for example, will 
accommodate any stack height be- 
tween .195 and .145. 


SWAGED-NOSE STUD 
Extra strength and smooth operation 
are made possible by the swaged-nose 
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design. All the metal in the stud goes 
to work. There are no thin crosspins, 
holes or milled slots to weaken the 
cross-section. Case hardening is fur- 
ther assurance of long, trouble-free 
service. 


WIDE VARIETY 

Lion Fasteners are available in 3 sizes 
—No. 5, No. 2, and Miniature. An 
assortment of head styles is supplied 
—oval, flush, wing, ring, notched or 
knurled—according to individual re- 
quirements. 





FREE! 


FASTENER 
HANDBOOK 


Send for your free copy of Southco Fastener 
Handbook No. 9. Gives complete engineering 
date on Lion Fasteners and other special fast- 
eners. Write to Southco Division, South 
Chester Corporation, 237 Industrial Highway, 
Lester, Pennsylvania. 
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This is a “warhead”. It’s the front end of 
acarrier which darts through a pneumatic 
tube system at speeds up to 20 mph, and 
is subject to frequent shocks and impact. 
There’s a story behind the choice of 
LEXAN® polycarbonate resin for this new 
design... 

Formerly, destinations were set by con- 
tacts along the entire body of the carrier. 
Engineers of Airmatic Systems Corpora- 
tion, Saddle Brook, New Jersey, reasoned 
that if all the control elements could be 
fitted into a smail impact- and wear- 
resistant head, the rest of the carrier 
could be designed for easy maintenance 
and quick replacement. Many plastics had 
the required dielectric strength, but none 





could raeasure up fo LEXAN resin’s com- 
bination of good electrical properties, 
excellent dimensional stability and 
extremely high impact strength. LEXAN 
resin actually withstands over 12 foot- 
pounds per inch of notch — an impact 
strength attained by no other plastic! 
The new warhead is injection-molded 
of black LEXAN resin by Berkeley Engi- 
neering & Manufacturing Co., Berkeley 
Heights, N. J. Now when wear and tear 
take their toll, the transparent carrier 
body is easily replaced, since it has no 
control elements. Also, body length can 
be varied to suit customer needs, and 
carrier weight is reduced. Printed circuits 
and compactly arranged brushes and con- 
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trol plates are used. The new design is 
more attractive, more practical, less 
costly. And—LEXAN resin warheads have 
proved in field tests to last longer than 
the old control units. 

G.E. LExXAN polycarbonate resin has 
raised the quality of many designs to new 
levels. It has been reduced in price 
approximately 40% over the past year! 
Can this tough, new thermoplastic help 
you? Send for design literature. 


LEXAN* 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 


Chemical Materials Dept., Section MD-11, Pittsfield, Mass. 
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This new engineering bulletin leads you right to the hydraulic 
pump designs you may be looking for. Here, passing on parade, 
are high performance gear pumps made to the measure of the 
ext generation in aircraft, missiles, spacecraft, and support 
equipment. 

Many of these units are the product of ready-made, mass-pro- 
duced components that can be teamed into the precise configura- 
tion you need. Custom-designed pumps are also available. 


All have in common these classic Eastern hydraulic pump char- 
acteristics: 

SMALL SIZE: Eastern gear pumps are the smallest, lightest 
made. Airborne servo system pump shown delivers 1.5 gpm @ 
1500 psig — measures only 174” x 1/4” x 234”, weighs 9 oz. 


EASTERN ; 
INDUSTRIES ; 
INCORPORATED 


HAMDEN 14, CONNECTICUT 


100 SKIFF STREET 


-in a UNIVERSE 
‘of AIRCRAFT PUMPS 


y 





WIDE PERFORMANCE RANGE: pumps available have theo- 
retical displacement from .0016 to 1.30 cu. in. per revolution — 
flow from .025 to 9.6 gpm, pressures from 0 to 2000 psig, at 
speeds to 24,000 rpm. Weights with motor range from 1.5 to 
8.5 Ibs. 


UNAFFECTED BY EXTREME ENVIRONMENTS: rugged, 
reliable Eastern units take loads to 50g in stride — shrug off 
temperature differentials to meet MIL specs. 
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Other Eastern products: 

e hydraulic motors 
servovalves, amplifiers, 
actuators and systems 
pressurization/dehydration 
packs 

© quick-disconnect couplings 
e electronic tube cooling units 


WEST COAST OFFICE © 4203 SPENCER ST. © TORRANCE, CALIF. 
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Here’s 
another of the 
invisible extras that 


insure the precision performance 


of LINK-BELT roller chain 


Cyclic-tension test verifies 


top fatigue strength 


Fatigue Resistant FR* processing of 
sidebars lengthens the life-span of 
Link-Belt roller chain. FR increases 
chain’s endurance limit by compressing 
the metal around pitch holes . . . the 
critical sidebar areas most vulnerable 
to fatigue failure. 

On the test equipment above—the 
industry’s largest and fastest fatigue 
machine—Link-Belt has proved con- 
clusively the superior fatigue resist- 
ance imparted to roller chain by the 
FR process. The machine produces up 
to 65 tons of cyclic tension. Rapid 
“stress-on, stress-off” action duplicates 


LINK-BELT COMPANY: Executive Offices, Pruden- 
tial Plaza, Chicago 1. To Serve Industry There 
Are Link-Be't Plants, Warehouses, District Sales 
Offices and Stock Carrying Distributors in All 
Principal Cities. Export Office, New York 7; 
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toughness conditions of operation. 
From such facilities for research, 


7 ate : 
—— ‘ 


Single- and multiple-strand Linx-Belt FR 
roller chains team up for dependable pewer 
transmission on tough applications. 


ROLLER CHAINS AND SPROCKETS 
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production and quality control—plus 
extensive field testing—Link-Belt roller 
chain inherits invisible extras that 
withstand the grueling tensions of 
day-in, day-out service. 

For engineering assistance in apply- 
ing industry’s preferred 
ro‘ler chain. contact vour 
nearest Link-Belt office. 
See CHAINS in the yellow 
pages of your phone direc- 
tory. Ask for Book 2657. 


*U.S. Patent No. 2,517,497 


Australia, Marrickville (Sydney); Brazil, Sao 
Paulo; Canada, Scarboro (Toronto 13); South 
Africa, Springs; Switzerland, Geneva. Repre- 

sentatives Throughout the World. 15,575 








NEW | ‘ 
CUTLER-HAMMER 
tw en, SIZES’ 
- 
BHA . 
‘ 3, PANEL AREA 
ree sal 270 SQ. IN. 
ie ee 
dks + 3 197 SQ. IN. 37% 
es LARGER 
a tn: 
Pa | 5 ; ! 
“ i BUY VOLUME : VOLUME 2540 CU. IN. - 
4 2 : ie a eas 1480 CU. IN. 71% LARGER 
eG a ae oe 


in ls Ze MA oe 


PANEL AREA 
322 SQ. IN. 


63% 
LARGER 





VOLUME 2820 CU. IN. 
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Now! A complete line of easy- 


to-install Cutler-Hammer Starters 
including a new compact Size 5 


7 sizes for use as components or as complete starters 
(Size OO, O, 7, 2, 3, 4 and 5) 


Now get all the advantages of Cutler- 
Hammer’s Three Star starter line in seven 
sizes. You can control motors from frac- 
tional hp up to 200 hp, now that the new 
Size 5 is available. 


The new Size & starter needs only an 
eight-inch deep case. Its open dimensions 
are only 13” wide, 15 3/16” high, 714” deep 
. and is available as a non-reversing or 
reversing starter or as a contactor. 

Even the wiring’s easier. Instead of strug- 
gling to force the line and load cables into 
the lug connectors, the lugs unbolt, and 
are easily reassembled. 

You still get, of course, the famous Three 
Star advantages that have made Cutler- 
Hammer Starters so famous: dependable 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer iInc., Milwaukee, Wisconsin + Division: Airborne Instruments Laboratory « Subsidiary: Cutler- 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, A. 


Hammer International, Cc. A. 


pivoted armature, vertical contacts that 
don’t collect dust, ease of installation, ease 
of inspection and maintenance, plus many 
other features. 

Be sure to send for Pub. LO-69-A241 to 
get all the facts on the complete Cutler- 
Hammer Starter line. 


What's New at Cutler-Hammer? 
There’s a new spirit here. You can see it in 
the new products, the new engineering 
talent, the increased plant capacities. We’re 
ready for the great growth of the sixties so 
you can be ready to meet the great de- 
mands upon your capacities. We’d like to 
tell you more. Contact the Cutler-Hammer 
electrical distributor or the Cutler-Hammer 
sales office nearest you. 


a—ii 
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HANDY & HARMAN SILVER BRAZING 
Permits Manufacturer to Guarantee 
Underwater Air Regulator For Life 


Perhaps the most vital component of a skin diver’s 
equipment, this Viking Air Regulator, manufactured by 
Christensen Tool & Engineering Company, Norwalk, 
Connecticut, is structurally guaranteed for life. It must, 
under all conditions, be absolutely leaktight. The manu- 
facturer’s guarantee is a relatively recent achievement— 
through the high-strength help of silver alloy brazing with 
Handy & Harman Easy-Fio 45 and HANDY FLvux. 

Over and above the unreserved dependability of brazed 
joints, the brazing method itself has saved the company 
considerable time, money and material in the production 
of the Viking Air Regulator. Brazing’s simplicity is inter- 
estingly illustrated in this case by this company’s require- 


eA 


ment that assemblers and testers of the Viking must be 
skin divers themselves. 

Almost invariably, silver brazing effects economies and 
brings advantages to whatever part, product or assembly 
it is applied. True, air regulators are few and far between, 
but the point is that they are metal products, made of a 
number of different metal components. 

And that’s the phrase that covers brazing’s great adapt- 
ability. To give you a good idea of how you can put 
brazing to work, we’d like to send you Bulletin 20—it 
covers the basics of brazing and it may very easily solve 
your metal-joining problems. Handy & Harman, 82 
Fulton Street, New York 38, N. Y. 





Here, in “serial” form is how the guarantee 
is “brazed” into the Viking: 


1. TANK HOUSING—Initially, this 
component was mechanically joined 
and made “airtight?” by means of 
sealants. Now, brazing eliminates 8 
holes, 4 tapping operations, 4 screws 
and 3 assembly operations. 


5. Shown here are the 


3. YOKE—This is assembled from 
stampings instead of castings, which 
were previously used. With brazing, 
no secondary finishing operations are 
required. Further, the part is stronger 
and lighter, and savings on material 
and labor on this component alone 
add up to 28%. 


finished Viking components 


TR 
% 


2. FORK ASSEMBLY—There are 
five separate brazed joints, done with 
hand torch and hand-fed wire. Braz- 
ing <Eminates one tapped hole, a 
lock washer and a spacer, plus the 
faci that positive alignment is now 
guaranteed. 


80 Circle 449 on Page 19 


before and after assembling. 
—Brazing by Specialty Brazing Lab- 
oratories, Riverside, Connecticut. 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N. Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 


4. PISTON—This is the most impor- 
tant single element of the Viking. It 
regulates flow of oxygen from cylin- 
der to mouthpiece; from 300 Ibs. 
pressure to normal breathing. With- 
out brazing, this part could not be 
made, 


MacuHInE DesIcn 





Barber-Greene’s ‘educated’ wheel ditcher 
digs, crowds, conveys, hoists... 


with Gates [iar 
Hydraulic Hose Sai 


a) 


” 
} = 
. " 


= =, DOUBLE VALVE 
UK. HYDRA 


(FRONT HOIST) 


Digs 
~ 
with maximum efficiency . , 
— thanks to exclusive Hydra- Crowds & 
Crowd hydraulic transmission. j 
independent of digging-wheel or conveyor 
speeds — through hydraulic drive 


Developed specifically to “raise daily production and 
efficiency while lowering operating costs on ditching jobs,” 
Barber-Greene’s Model 772 Wheel Ditcher features complete 
hydraulic control of all operations — an important ‘first’ in the 


entire ditching field. 
Conveys 


Of the Gates Hydraulic Hose used on the Model 772 


: ‘ ‘ at variable speeds from 0 to 630 fpm 
Wheel Ditcher, Barber-Greene engineers have said: “Gates with instant reverse — hydraulically. 


Hydraulic Hoses meet all of our rigid engineering specifications, 
and have operated to our satisfaction under the difficult condi- 
tions encountered in trenching work.” 


Immediately available in all major markets 


Gates Hydraulic Hose — built to meet or exceed SAE 
specifications — is available nation-wide in wire-braided and accurate grade, prevent drifting 
horizontal-braided construction in a complete range of sizes, for — hydraulically. 
medium-pressure or high-pressure use. Ask your nearby Gates 
Distributor for Gates Hydraulic Hose booklet, IH 43. 


Hoists 


The Gates Rubber Company, Denver, Colorado 
Gates Rubber of Canada Ltd., Brantford, Ontario 


Gates Hydraulic HOS@ A veriverrssur risnrrenn 
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From Monsanto FluiDesign Service... 


DIELECTRIC FLUIDS 
FOR NEW ELECTRICAL 
AND ELECTRONIC 
USES 








Monsanto can supply you with a 
series of dielectric liquids that offer 
the optimum combination of proper- 
ties for liquid cooling and insulation. 
Many of the fluids described below 
are now used commercially in capac- 
itors, transformers, “miniaturized” 
electronic packages, cables, ampli- 
fiers, solenoids, thermostats, com- 
puters, and circuit breakers. 


Examples: 


A. In electrical equipment such as 
transformers, Monsanto’s askarel- 
type fluids offer a series of fire- 
resistant dielectrics. These fluids 
make a firesafe liquid-fill insulation 
for equipment that then may be 
located in operating areas without 
special precaution or costly shielding. 


B. As impregnants for premium- 
quality capacitors, high dielectric 
Monsanto fluids permit a substantial 
decrease in capacitor size—about 50- 
60% —compared to oil-impregnated 





Dielectric Fluids 


Coolanol® 
35 


Coolanol 


45 


Aroclor® Aroclor 
1221 1232 





Properties 





Dielectric Strength, 


2o°C, GO ens, 0.1... . 


44KV 


27KV 





Dielectric Constant, 
25°C, 1000 cps 


2.46 
(1C6cps) 


2.2 


(106cps) 


4.5 





Volume Resistivity, 
ohm-cm, 25°C 


6.7x1018 


9x1010 


>5x102 





Power Factor, % 
1000 cps, 25°C 


0.006 
(106cps) 


0.4 
(106cps) 





Viscosity, CS 


1380 
6.8 
2.2 


934 
6.5 
nok 


2400 


12.2 
3.95 


46 
<1.8 





Pour Point, °F 


<—85 


<—85 


<—85 


34 





Boiling Point, °F 


>700 


>600 


>700 


527 554 





Fire Point, °F 


Cleveland Open Cup. . . 


435 


430 


430 


349 460 





Thermal Conductivity 
Btu /hr/ft/ft? /°F 


0.077 


0.079 


0.080 


0.067 0.063 





Specific Gravity 
@25°/25°C 


0.88 


0.89 


0.89 


1.18 1.26 








Coefficient Thermal 
Expansion, per °F 





0.00046 





0.00047 





0.00048 








0.00039 0.00040 
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capacitors. Because their dielectric 
‘constants are closer to those from 
the capacitor paper itself, they help 
achieve a more evenly distributed 
dielectric stress than is possible with 
mineral oil. 


C. Monsanto’s coolant-dielectrics 
dissipate heat and operate liquid- 
cooled power packs, magnetrons, 
traveling wave tubes, klystrons with 
precise temperature control. Liquid 
cooling with these dielectrics permits 
miniaturization of electronic com- 
ponents, conserves size and weight. 
These special synthetic fluids are 


KLYSTRON 


COLLECTOR RESERVOIR 


HEAT EXCHANGER 
wren 
eae 











also lubricants, and the single fluid 
can double as the hydraulic-fluid 


activator for tuning mechanisms as 
well as the coolant for the elec- 
tronic unit. 


This schematic circuit (at left) shows 
how Coolanol 45 liquid cools a 
klystron. Pumped around the collec- 
tor, Coolanol 45 absorbs surface heat 
from the tube wall and carries it 
away for dissipation in the heat 
exchanger. 


Check the fluids shown for applica- 
tion in equipment you are using or 
developing. Monsanto can supply 
you with a dielectric fluid for vir- 
tually any electrical or electronic 
application, can be most helpful in 
guiding you in the early design 
stages of equipment that will require 
a liquid dielectric. 


A sample of the fluids shown will be 
sent to you for evaluation on request. 
Please specify the particular fluid 
that interests you and state the 
nature of the application so that 
pertinent details can be sent you. 
For further information on available 
fluids, request a copy of FluiDesign 
Service’s FLUID DATA FILE. 


Simply write on your company 
letterhead. 


Monsanto Chemical Company 
Organic Chemicals Division 
FluiDesign Service, Dept. 2766A 
St. Louis 66, Missouri 


Monsanto 





Arocior 
1242 


Aroclor 
1248 


Aroclor 
1254 


Aroclor 
1260 


Biphenyl 


Santowax® R 











5.8 


5.6 


5.0 


5.0 


2.5 


2.65 


2.58 





>5x1012 


>5x192 


>5x1012 


>5x1012 


>1x1012 


>5x1018 


>1x1018 





<0.1 


<0.1 


<0.1 


<0.1 


<0.1 


<0.1 





17.2 
2.5 


45.3 
3.2 


46.4 
6.14 


75 


0.98 





2 


20 


50 


88 


156 


293 





617 


644 


689 


714 


491 


687 





>610 


>640 


> 662 


698 


255 


460 





0.058 


0.057 


0.054 


0.051 


0.076 


0.072 


0.063 





1.38 


1.45 


1.54 


1.62 


0.984 


1.002 


0.955 








0.00038 








0.00039 


0.00037 








0.00037 


0.00050 


0.00041 








0.00052 
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SERVICES EXPANDED TO INCLUDE 


PRODUCTION OF 


INSTRUMENT BEARING ASSEMBLIES 


By RICHARD H. CHERWIN, Executive Vice President 


New Hampshire Ball Bearings, Inc. 


New Hampshire Ball Bearings, Inc., has established a separate 
facility—the Rotassembly Division—for the manufacture of 
instrument bearing assemblies to customer specifications. Pro- 
duction of shafts, housings, and pulleys of various configurations 
your designs may require is also included in this newest of serv- 
ices to instrument makers. We believe our experience in the 
manufacture of miniature and instrument ball bearings makes 
this a logical expansion of our activities. 
This new service can help you if you are having problems in any 
of these areas: 

Purchasing and handling instrument ball bearings; 

Cost of assembling such bearings into units with proper fits; 

Cost of purchasing various components from separate sources 

with delays caused by un-co-ordinate deliveries; 

Cost and difficulty of manufacturing components; 

High rate of rejects and costly tear-down of assembled end- 

products to correct failures. 


FREE DESIGN STUDY AND COSTING 


Activity here starts from designs submitted by you. Without 
obligation, experienced application and production engineers, 
also Division technicians, study your drawings with regard to 
these factors: Will the bearings function as required by the 
application? Can selection and mounting of the bearings be 
modified for better performance? Is the assembly a type and 
size compatible with NEW HAMPSHIRE’s experience and 
equipment? 


CARRIAGE 


SPINDLE 
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PRECISION MANUFACTURE 

Instrument bearing assemblies accepted for manufacture are 
produced on the same types of precision machines that equip 
our Bearing Facility. Employing techniques developed to manu- 
facture NEW HAMPSHIRE Bearings to ABEC Class 7 and 
better tolerances, components of your unit are ground to 
tolerances required for proper, easy assembly. Costly rework 
and refitting are eliminated. Competent technicians staffing the 
Rotassembly Division are thoroughly experienced in custom 
work in cost-lowering production quantities. 


ASSEMBLY AND INSPECTION 
FOR TROUBLE-FREE PERFORMANCE 


Assembly and inspection of instrument bearing assemblies 
are done on the same equipment used to process NEW 
HAMPSHIRE miniature and instrument ball bearings. In dust- 
free, temperature-controlled facilities, each component of your 
mechanical unit is critically inspected and tested before as- 
sembly, then the unit is functionally tested after assembly. 
Performance levels required of them are the same as for NEW 
HAMPSHIRE Bearings and fitting practices followed during 
assembly as outlined in the “Design & Purchasing Manual.” 
Instrument bearing assemblies shipped to you are ready for 
installation into your products. 





MANUFACTURE IS RESTRICTED 


Manufacture is restricted to mechanical units in which 
correct installation and function of bearings are. major 
critical elements in the performance of the assembled 
unit. We are not manufacturers of gears, gear trains, gear 
boxes, motors or electrical components and we are not 
qualified to produce these items. Relationship to instru- 
ment bearings is a primary qualification for all assemblies 
we elect to manufacture; it is in such types that our ex- 
perience can best help you. 











INQUIRIES INVITED 


If you wish more information about the Rotassembly Division 
— and our newest service to instrument makers — write or 
phone collect to the Regional Office in your area or the Main 
Plant in Peterborough. 

EASTERN REGION 

61 Cutter Mill Road 


Great Neck, New York 
HUnter 2-8633 


NORTHEASTERN REGION 
Route 202 


WESTERN REGION 
154U North Highland Avenue 
Hollywood 28, California 
HOllywood 4-0208 


CENTRAL REGION 
566 Northwest Highway 
Des Plaines, Illinois 
VAnderbilt 7-6646 


NEW 
HAMPSHIRE 


° 
neehernas. New Hampshire 
WAinut 4-3311 


BALL BEARINGS, INC. 
PETERBOROUGH, N. H. 
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. TINNED, ALLOY VITREOUS ENAMEL EVEN, UNIFORM HIGH-STRENGTH 
TERMINALS COATING WINDING WELDED ns 


| £ 
\ ' + | tEatt | 4 | . = r. 
ANU ek 


RESILIENT MOUNTING STRONG CERAMIC WELDED RESISTANCE 
BRACKETS CORE WIRE JUNCTION 


. In Ohmite resistors, spot welding replaces soldering, brazing, 
Balanced Thermal Expansion and mechanical fastening. Spot welding produces strong con- 


prevents crazing nections that are not affected by vibration or high tempera- 
‘ tures. Ohmite welded construction also produces an almost 
and moisture entrance flush connection between the resistance wire and terminal. This 
prevents thin spots or bulges in the vitreous enamel coating 
which might cause future trouble and failure. Many different 
types of terminals are available besides the lug illustrated. 


Ohmite can supply all of your resistor needs 


some of the many types available The almost endless variety of Ohmite resistors in many sizes 

and types—in a wide range of wattages and resistances— 

Axial Lead Live Bracket Mounting makes it possible to meet each individual need. Many of 

Brown Devil” Wire Lead Rotem these can be supplied from the world’s largest factory. 
Fixed, Lug Type Edison Screw Base Mouniing stock. Whatever your resistor requirements may be, — 
Resistors chancés are you will find exactly the type you need in — 

industry’s most complete line of high-quality resistors. 


ae 
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Joy Design Means: 


Pneumatic control valves 
permit simultaneous adjust- 
ment of the output of any 
number of fans. Simple me- 
chanical linkage controls 
pitch of fan blades. 


REMOTE CONTROL OF FAN BLADE PITCH—FAN OUTPUT 


Joy Controllable-Pitch Fans are designed to per- 
mit adjustment of fan blade pitch by remote control, 
in response to varying fan output requirements. A 
simple mechanical linkage maintains perfect calibra- 
tion of all blades, and gives instant response to the 
control device. Blade pitch can be changed while 
the fan is running. The control can be manual, or 
the linkage in the fan can be tied to sensing devices 
which automatically change fan output in response 
to changes in humidity, temperature, CO. concen- 
tration, etc. Should large volumes of air or gas be 
involved, any number of the fans can be controlled 
simultaneously by means of pneumatic valves. 


Joy Controllable-Pitch is much more efficient 
than dampers or variable inlet vanes in varying fan 
output. Fan motors always run at their most effi- 
cient speeds, and there are no aerodynamic losses. 
In addition, the basic vane-axial design of the Joy 
fans provides greater aerodynamic efficiency than 
propeller and centrifugal types. 

For accurate, efficient control of variable fan out- 
put, you can’t beat the Joy Controllable-Pitch Fans. 
Response to controls is accurate and instantaneous, 
and fan efficiency is high at all levels of output. For 
complete details, write for Joy Axivane Fan Bulle- 
tin 1214-64B. 





Joy Manufacturing Company 


k JOY 
7. air MOVING EQUIPMENT FOR ALL INDUSTRY 


Dust Collectors 








Reciprocating & Dynamic Compressors Blowers 


Oliver Building, Pittsburgh 22, Pa. 


al |© 


In Canada: Joy Manufacturing Company 
(Canada) Limited, Galt, Ontario 
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e_\W 
HART 
DAD RELAY 


+165°F 






COMPENSATES 
FOR BOTH HEAT 
AND COLD FROM 
-20°F to 165°F 





REL‘'ABLE AND ACCURATE PROTECTION REGARDLESS OF HEAT OR COLD 


Here, for the first time, is a compact overload 
relay that compensates for both heat and cold, 
operating on the same time curve at all tem- 
peratures from -20°F to 165° F. Compensation is 
completely automatic. No field adjustment is 
needed. Operating mechanism is simple, rugged 
and dependable. 

This performance is made possible by the exclu- 
sive Arrow-Hart “Balancing Bi-Metal” which is 
located in a separate compartment and is not; 


therefore, affected by heat applied to the working 
bi-metal. 


e MUCH SMALLER SIZE... than any other comparable 
unit now available. Base size is the same as stand- 
ard A-H Overload Relays. 

e USES STANDARD HEATERS . .. and works equally well 
with either quick-trip or regular type. 

e COMPENSATES AUTOMATICALLY for both heat or cold, 
by means of an exclusive, “Balancing Bi-Metal” 





Effective through a temperature range from 
—20°F to 165°F. 
e DEPENDABLE IN OPERATION . . . and requires no adjust- 
ments of any kind. 


e AVAILABLE... with all A-H Starters. Ratings 
from 25 to 300 amperes, continuous current. 
Normally supplied with manual reset. If desired, 
relays can be equipped with a change-over lever 
that provides manual or automatic reset, as re- 
quired. 


IDEAL FOR USE... 


OUTDOORS ...... in oil fields and other 
installations subjected to wide seasonal or daily 
changes in ambient temperatures. 


INDOORS. ... for control installations lo- 
cated near boilers, furnaces, heating units or 
refrigeration equipment and subjected to wide 
daily changes in ambient temperature. 


SEE NEXT PAGE FOR CONSTRUCTION DETAILS and ADDITIONAL DATA~ - 
THE ARROW-HART & HEGEMAN ELECTRIC CO., HARTFORD 6, CONNECTICUT 










DEPENDAE 
A WIDE RA 






As shown in the accompan 
the working bi-metal and ft 
sating bi-metal are identical 1 


metal operates through the coupling 
to move the working bi-metal in ord 


construction and are joined b 
pling bar. As the ambient temp 
rises above 72°F, the compensati i 


to maintain its distance from the tri 
erm. Similarly, as the ambient tempera- 


ture falls below 72°F, the compensating - I 


bi-metal operates to maintain its dis- 
tance from the trip arm. Therefore, trip- 
ping time remains the same regardless 
of temperature. Switching mechanism 
itself employs the same positive snap- 
action featured in all Arrow-Hart Over- 
load Relays. The calibrating screw 
permits precise setting. This screw is set 
and sealed at the factory and requires 
no further adjustment. 


PERCENT Q 


SEND NOW FOR COMPLETE INFORMATION 


COMPARABLE IN SIZE TO 
STANDARD ARROW-HART O.L. RELAYS 


Standard 
O.L. Relay 


Ambient Compensated 
O.L. Relay 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 

103 Hawthorn Street, Hartford 6, Connecticut 
MOTOR CONTROL DIVISION 

Please send me complete information on the new Arrow- 

Hart Ambient Compensated Overload Relays with exclusive 

“Balancing Bi-Metal’ Mechanism. 


name 
position 
company 
co. address 
city 

MD 


AMBIENT COMPENSATED 
OVERLOAD RELAYS 


WITH “BALANCING BI-METAL’ 


1} | 


my ; | 


Vii ys STANDARD HEATER CURVE (NOMINAL) 
Tc aw QUICK TRIP HEATER CURVE (NOMINAL) 


< setae BANDS 


MAIN BI-METAL 


TRIP ARM 


SNAP ACTION 
SWITCHING 
MECHANISM 


= 70 


CALIBRATING SCREW COMPENSATING BI. 


FACTORY SET AND SEALED 


PATENT NO. 2,908,786 


OPERATES ON THE SAME TIME CURVE AT ALL 
TEMPERATURES FROM — 20°F TO 165°F! 
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MOTOR CONTROLS - 
APPLIANCE SWITCHES 


ENCLOSED SWITCHES 
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Born to live a short life, 

this missile guidance component 

must perform as if it had to last forever! 
CDF molded this part under high 
pressure from glass fabric epoxy 
laminate to meet rigid military 
electro/mechanical requirements. 
Result: a panel with excellent 
electrical insulating properties and 
high mechanical strength that provides 
significant savings in space and weight, 


helps minimize vibration. 


CONTINENTAL-DIAMOND FIBRE 


i> 


CONTINENTAL - DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ¢ A SUBSIDIARY OF THE eurdf- COMPANY 
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with a complete line of tube connections f 
laboratory work, vacuum systems and general 
usage. Whether your problem is connecting 
glass to glass, glass to metat or glass to plastic 
... any installation requiring an absolute seal on 
glass, plastic or metal tubing — 


SyonQde TUBE FITTINGS 


SOLVE YOUR PROBLEMS 


CRAWFORD FITTING COMPANY 
884 EAST 140th ST. >» CLEVELAND 10, OHIO 
CRAWFORD FITTINGS (CANADA) LTD. 
NIAGARA FALLS, ONTARIO, CANADA 
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Flawless in every brilliant facet... 


CINCINNATI 


CUSTOM GEARS AND GEAR BOXES 
achieve uniformly top quality in mak- 
ing your gearing designs precisely to 
your specifications. 

Ask for this brochure—CINCINNATI cus- 
tom gears are made in all types to 72” 
diameter cut teeth, 39” shaved teeth, 25” 
ground teeth. 


better still... Send us your prints for quotation 


THE CINCINNATI GEAR CoO. 


Cincinnati 27, Ohio 


® Custom Gear Makers Since 1907 GEARS, good gears only 
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... today! 





CAGEROL 


Toy Nola An 
HEAVY DUTY 
IN ad of D) od 1) od 


BEARING 


1 Exc!usive crowned roller construction, elec- 
tronically gauged to insure precision contour 
and size uniformity. Relieved ends assure even 
load distribution. 


Flat ends fully engage integral race shoulders. 
provide maximum support. 


® 
pte oe guidance assured by tapered retainer 
ts. The design insures balanced roller 
* tee and eliminates corner wear from edge 
loading of straight pockets where retainer O OD 
BY and pitch circle are coincident. 


Simultaneously punched pockets assure accu- 
racy of race and roller alignment. The black 


INCREASE EXPECTED LIFE UP TO 10 TIMES! ferrous oxide retainer finish absorbs and retains 
lubrication, reducing the friction coefficient. 


You need CAGEROL bearing performance if higher speeds and increased 

misalignment have prevented the utilization of needle bearing load ee send 
capacity in your applications. Most important, CAGEROL bearings can ST OF RETAINERS TOT OY RETAINERS 
deliver up to 10 times more ey >ected life where misalignment and 

increased speeds exceed the capabilities of ordinary and guided needle 

bearings. The difference is in the exclusive McGill construction that 

features tapered retainer pockets for balanced roller guidance, crowned 

rollers, and black oxide retainer finish. CAGEROL bearings are inter- 

changeable with all heavy duty needle roller bearings — with or without Ask for Bearing Catalog wien A. 


; . engineered electrical products — 
inners in two bore sizes. 


McGILL MANUFACTURING CO., INC., Bearing Division : = i P| i _pe 


200 N. Lafayette Street, Valparaiso, Indiana 
precision needle roller bearings 
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TubeXperience in action 


Wind Velocities to Mach 7 Prove 
Needle-Size Superior Stainless Tubing 


Manometer lines of Superior Type 304 stainless tubing, 
drawn to needle size, withstand the vibration caused 
by air speeds beyond Mach 7 and internal pressures as 
high as 5000 psi in FluiDyne wind-tunnel tests of 
missile component models. And they have been in 
some assemblies for 344 years without cracking, pin- 
holing or buckling. 


FluiDyne Engineering Corp., one of the major de- 
signers of such test facilities, attributes the long life 
of this Superior tubing to both its high modulus of 
elasticity and its resistance to the corrosive effects of 
mercury and soldering-flux acid. 


Ductility is a big advantage, too. This permits the 
Superior tubing to be easily hand-bent into complex 
shapes for application in wind tunnels and readout 
equipment. 


Filling stainless steel tubing orders that call for tiny 
needle tubing in gages from 6 to 33 or tubing with 
OD’s as large as 1.125 in. calls for the resources 
Superior has to offer. Why not investigate us as a 
source of small-diameter stainless tubing. Catalog 21 
describes the types and analyses available. Also gives 
tips on its selection and application. Superior Tube 
Company, 2010 Germantown Ave., Norristown, Pa. 


Syoerrir file 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2Y4 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California e FiRST STEEL TUBE MILL IN THE WEST 
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Mercury-wetted contact relays, steel-enclosed-and ready for mala a embly line, give you 
Clare reliability in operation, combined with new & Se of application a and HGS relays have 
test records of over 10 billion operations, without Faintenance or chan haracteristics. In these new modular 


cases, they’re sturdy, magnetically shielded, easi replaceable. 


Choose either the standard Clare HG relay, or the HGS—-super-fast a / r. n: "ll gain extra conven- 
ience and increased component-density with these Clare Relay mod —- i 


Now you can mount 


CLARE 


BILLION-OPERATION 


RELAYS 


on your own printed 
circuit board 


Typical Clare mercury-wetted relay steel-enclosed modules for 
circuit-board mounting. From top: HGSM Relay Module, HGM Relay Module, 
HGPM Relay Module. Epoxy molded Relay Modules are also available. 





ful ee  @.P.CLARE & CO. 
i 7 
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REQUIRED SAFETY 
FACTORS in steering 
arm assured by 
designing it to he forged 


Typical steam forging hammer 


By designing with forgings, a truck manufacturer can count on the required 
safety factors, with minimum “beefing-up” of parts to offset unknown 
internal structures or non-homogenious materials, 

You, too, can achieve results like these by designing with forgings either at 
the start or on re-design. The benefits of forgings are equally impressive, 
whether you make home-workshop equipment or diesel engines. 

Forgings start as better metal ... are further improved by the hammer-blows 


or high pressure of the forging process. 


Write for literature on the design, specification, and procurement of forgings. 


Whew % ow wital pat, desiqn it to be 
Drop Forging Association « Cleveland 13, Ohio 


Names of sponsoring companies on request to this magazine 
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Here’s how wesster puts new 
efficiency in hydraulic power 


We cut this new JE series pump in half to show you why Webster design 
tops competition in overall efficiency. Specifically, the JE saves horse- 
power, slashes operating costs, delivers dependable and trouble-free 
service. 

It’s the result of this combination of advanced features. ...(1) 
pressure-balanced wear plates for high volumetric efficiency and to 
prevent clearance changes due to heat; (2) needle bearings for power- 
saving, anti-friction operation; (3) one piece gear and bearing journal 
units to assure minimum deflection and proper alignment on both drive 
and idler assembly; (4) free-floating internal spline drives to eliminate 
key failures; (5) thrust bearing on drive shaft to absorb compound 
driving thrusts; (6) double lip seal on drive shaft for added protection 
against seal failure and dirt. 

The Webster JE series pump is a heavy-duty, big power unit built 
to meet the needs of the mobile industry. It is trim and compact to fit 
into tight quarters, attaches with a choice of mountings. Your Webster 
Electric representative has complete specifications and data — or write 
direct for engineering detailed sheet HYI-1. 
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JE SERIES PUMPS 


Shaft seal: double lip type 

Drive: direct, gear or belt 
Capacity: 10 sizes—5 to 40 gpm 
Pressures: to 2000 psi 
Operating Speeds: to 2400 rpm 
Porting: side (std.) end (opt.) 
Mounting: SAE Type A (std.) 


OIL HYDRAULICS DIVISION 


WEBSTER ELECTRIC 
RACINE-wis 





Designed SPECIFICALLY for 


Twin Disc, which introduced Amer- 
ica’s first torque converter in 1936, 
has a wealth of experience in de- 
signing converters for such applica- 
tions as construction machines, oil 
rigs and logging equipment. But in 
designing the 18” converter for a 
new power-shift transmission pack- 
age for heavy-duty vehicles, Twin 
Dise engineers had to solve a num- 
ber of special problems. 

There are long stretches when a 
truck does not require torque multi- 
plication. For peak efficiency dur- 
ing these periods, Twin Disc has 
included a freewheeled stator in its 
new single-stage converter. When 
the need for torque multiplication 


‘98 


falls off, the speed of the pump 
wheel approaches that of the tur- 
bine. This reduces the reaction force 
on the stator to the point where it 
freewheels. The converter becomes 
in effect a fluid coupling, and the 
result is higher efficiency. 

This efficiency can be stepped up 
still further under 1:1 ratio condi- 
tions by means of a front-end 
lock-up clutch on the converter. 
Engagement of this clutch provides 
direct drive performance. 

Also featured in this new con- 
verter is a hydraulic retarder. Loads 
on truck service brakes keep going 
up, yet their capacity is limited by 
the available brake space at the 


wheels. The hydraulic retarder ab- 
sorbs a high percentage of the ve- 
hicle’s kinetic energy, dissipating it 
in heat. This saves wear on the 
brakes and permits safe, controlled 
descents at higher speeds. 

The torque converter can be sup- 
plied as a separate unit or as part 
of a converter-transmission package 
with the new Twin Disc TA-51-2000 
Power-Shift Transmission. This 
transmission permits gear-shifting 
on up-hill hauls without power in- 
terruption or loss of momentum. 

The TA-51-2000 is a straight- 
through countershaft unit with con- 
stant-mesh gearing. Shifting in all 
ranges at full engine power is 
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Three models evailable in the TA-51-2000 Series 





Model No. 


Max. 


Max. Torque Max. Speed Ratio 
HP (Ib.-ft.) : (rpm) Spread 





| TA-51-2001 
TA-51-2002 
TA-51-2003 





1050 2500 5.93:1 
1050 2200 6.80:1 
1050 2800 5.45:1 


420 
420 
420 








through multiple-disc, oil-cooled, 
hydraulically actuated clutches. 
There are five forward ratios and 
one reverse. A modified version, 
called the TA-33-1600, has three 
forward and three reverse speeds. 
Four different drop boxes are avail- 
able to meet special drive require- 
ments. 

The converter is used only in the 
first two ranges to get the load mov- 
ing or to meet low-speed tractive- 
effort demands. The second ratio 
has two selector positions, one for 
drive through the converter and the 
other for use when the converter is 
locked up. Lock-up range thus ex- 
tends from the second through the 
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Vehicles...by TWIN DISC 


fifth ratio. Where desirable, a man- 
ual over-ride can be provided to 
permit converter drive in all ranges. 

A notewerthy feature of these 
converter-transmission packages is 
interchangeability of parts. Gearing 
can be easily changed to match en- 
gine modifications, thereby simpli- 
fying inventories and service. 

Twin Disc Clutch Company, Ra- 
cine, Wisconsin; Hydraulic Division, 
Rockford, Illinois. 


Transmission Power Flow 


FOURTH 


ENGINE TO AXLE WITH... 








e— 
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NEW MINIATURE A.C’ MOTOR 


high output for commercial use 


This a.c. synchronous motor costs you only about half as much as its 
miniature precision counterpart for military applications. In production 
quantities it is so economical that you can design it into good quality 
products that now use induction motors. And because you can put this 
bigger performance motor in smaller spaces, it gives you a head start 
in miniaturizing your design at the same time you improve product quality. 

Vital statistics: This Type CMC motor has a starting torque of .7 oz. in. 
and a continuous duty torque of .7 0z. in. at synchronous speed. It is 114” 
in diameter by 254” long, and weighs 614 oz. The shaft is precision ground 
stainless steel, supported by ball bearings. The epoxy-sealed design provides 
good resistance to normal environmental conditions. 

lf you have hesitated to ‘design with precision miniature motors in 
the past, now’s your chance! 

The Globe motor line includes both a.c. and d.c. models. Globe is 
pleased to work with you to provide the exact motor you need for your 
commercial, competitive product. Please write for Bulletin CMC. Globe 
Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. BAldwin 2-3741. 


GLOBE INDUSTRIES, INC. GLOBE 


PRECISION MINIATURE A.C. & D.C, MOTORS. ACTUATORS, 
TIMERS, STEPPERS, BLOWERS & FANS MOTORIZED DEVICES 
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WEATHER 
Fair, Mild 


TOMKINS- JOHNSON TRIBUNE ) 
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THE TOMKINS-JOHNSON CO. « 


2425 W. Michigan Ave. 


Jackson, Michigan 





INCREASED PRODUCTION... 


CREATES PRICE ADJUSTMENT 


on T-J Squair Head Cylinders 


JACKSON, MICH. JAN. 3 
(TP)—‘‘Due to the tremendous 
initial response and the continu- 
ing acceptance and purchase of 
the new Tomkins-Johnson Squair 
Head Cylinders, it has been pos- 
sible to lower the basic price,” 
according to T-J personnel. In 
effecting this price cut, Tomkins- 
Johnson has again proven that 
acceptance of a quality product 
and the inevitable increase in 
manufacturing volume CAN eco- 
nomically justify a price reduc- 
tion WITHOUT jeopardizing 
quality. 

The T-J Squair Head Cylinder, 
an interchangeable air cylinder 
for any pneumatic power applica- 
tion, was first introduced by 
Tomkins-Johnson in 1958. It was 
an immediate succesg because of 


its availability in a wide range 
of bore sizes and strokes... as 
well as the standard quality 
features, including the new T-J 
Super-Cushion for air cylinders. 


Other Standard Features 

Other standard T-J features 
that allow the T-J Squair Head 
Cylinder to retain its high quality 
comparison over other makes of 
air cylinders and still give you 
lower price are; solid steel heads 
and mounting plates, hard- 
chrome plated bodies and piston 
rods, leak-proof cylinder head to 
body construction, heavy duty, 
high tensile ground and polished 
chrome, plated piston rod, and 
many more .. . STANDARD 





AT NO EXTRA COST. 

Tomkins-Johnson, by virtue 
of the announced lower cost on 
its Squair Head Cylinder, wish 
to thank their customers for their 
initial acceptance which has been 
such a contributing factor in this 
price reduction. 


T-J Produces Complete Line 

Tomkins-Johnson also pro- 
duces a complete line of hydraulic 
and pneumatic cylinders for 
EVERY power drive application 
. . . including the very popular 
Spacemaker. If you need further 
information or complete catalog 
material, write T-J direct, or 
request it from your T-J sales 
representative. 











T-J product a 
nationayggcale ag 

creasing 

working ind 

to move to larger que 

N. Mechanics Street, 

Guiding the growth, and 

to the ever increasing prom 

of T-J in its industry was 
executive staff of Mr. Tomkins; 
President; Mr. Johnson, Vice? 
President; Mrs. A. Miller, Treas-* 
urer; and Miss L. Eberhardt, | 


The Tomkins-Johnson Company was founded in 1917 


The original Tg 
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FROM ANY PERSPECTIVE... 
THE WORLD'S 
\ FINEST CLUTCH 


Mi By “the world’s finest” we mean the power transmission 
unit called the MacnecLutcH®—Vickers name for its dry 
magnetic particle clutch units. And when we say “from 
any perspective,” we’re speaking of Magneclutch operating 
characteristics, Magneclutch reliability, and Magneclutch 
no-wear life . . . but most important, performance benefits 
that make machines equipped with Magneclutches produce 
more, better ... make clutches a vital production asset 
instead of a ‘‘weak link’. 


Mi There are more features combined in a Magneclutch than 
any other industrial clutch unit...and many of these 
features such as no-wear, torque independent of speed, 
complete torque control from zero to full speed, are found 
only in Magneclutches. Words like grab and chatter are 
not in our Magneclutch vocabulary, and yet to simply 
say smooth operating doesn’t do justice to actual Magne- 
clutch smoothness! What’s more, good design is uncompli- 
cated design. Note the simplicity of our new low-cost units. 


Wi Even your toughest clutch application problems more 
than likely have a Magneclutch solution whether involv- 
ing on-off cycling, controlled acceleration and braking, 
torque limiting, tension control, or smooth starting and 
stopping. Call your local Magneclutch sales engineer or 
write direct to us for Bulletin 6000 if you would like 
to know more about Magneciutches (or Magnebrakes). 


EPA 6100-5 


VICKERS INCORPORATED 


Division of SPERRY-RAND Corporation 


FALECTRIC FJRODUCTS [IVISION 


1861 LOCUST STREET 
SAINT LOUIS 3, MISSOURI 
SALES ENGINEERING OFFICES: 


BOSTON (Rep.), Cfdar 5-6815 * CHICAGO, JUniper 8-2125 » CHICAGO (Distr.), fRanklin 2-7272 * CLEVELAND, EDison 3-1355 « DALLAS (Rep.), 
EMerson 8-4655 * DENVER (Rep.), MAin 3-7201 * DETROIT, TOwnsend 8-5100 * DETROIT (Distr.), 7Rinity 4-1010 + GREENVILLE (Rep.), 
CE dar 2-2421 « LOS ANGELES, DAvenport 6-8550 » LOS ANGELES (Distr.), /Utua/ 3144 « MILWAUKEE (Distr.), ORchard 2-9220 > NEW YORK 
CITY, LEnox 9-755 + PITTSBURGH (Rep.), A/7iantic 1-4692 » SAN FRANCISCO (Rep.), JUniper 6-1860 « WASHINGTON, D. C., EXecutive 3-2650 
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Bethlehem circular forgings are available in carbon, alloy, and stainless steels, and some heat- 
resistant grades, 10 to 48-in. OD. 100 to 2,000 Ib. As-rolled or rough-machined to specifications. 


Which cost less, castings or circular forgings? 


In initial cost, a Bethlehem circular-forged blank is com- 
petitive with a cast blank. 

But that’s where the competition ends. 

Due to the hot working of the metal (our unique Slick 
Mill forges and rolls a circular product in one operation in 
one minute), forgings have better physical properties, 
greater strength than castings. 

HIGHER CUTTING SPEEDS— The uniform quality of 
Bethlehem circular forgings allows you to use higher cutting 


speeds. Machining time—both in roughing, and in hobbing 


ld for Strength 
% ... Economy 
. Versatility 


teeth — is cut; tool life is increased. And there’s no chance 
of sand damaging valuable hobbing tools. 

LESS METAL — You'll find, in many cases, weight can be 
reduced. The greater strength of a forged circular product 
permits thinner rim sections without sacrificing strength. 

Our sales engineers will be happy to give you the whole 
story on Bethlehem circular forgings— competitive initial 
cost, sure machining savings, possible weight savings, a 
better-quality product all around. 

BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Sales: Bethlehem Steel Export Corporation 


perHleey 


BETHLEHEM STEEL fs 
as a 


Circle 468 on Page 19 





This is 


AGINEERING...x 














Window mechanism by Tilt-O- 
Pane Distributing Corporation, 
Pittsburgh, Pennsylvania 





Saved: 80% in raw materials alone! 


We changed the design . . . a little. But, 
the big change was how to make this 
special T-head bolt for Tilt-O-Pane, 
the window with the hidden hinge. 
Previously machined from solid bar stock, 
80% of the bar became chips . . . scrap 
on the machine shop floor . . . and the 
shank and head often parted company 
during installation. 

Screw and Bolt design engineers were 
able to “impact-form”’ this special bolt 
for Tilt-O-Pane from less expensive 
wire stock. (other bolt makers said it 
couldn’t be done) 


SCREW AND BOLT CORPORATION © 


Result: 
e substantial cost reduction effected 
e raw material loss eliminated 
e strength problem totally corrected 
¢ window hinge reliability consider- 
ably improved 
e product assembly simplified 
and Screw and Bolt’s imagineering cost 
nothing! 
Imagination, coupled with engineering, 
can do the same for you. If you don’t 
know where you can use Screw and 
Bolt’s imagineering, it’s already costing 
you money! VMA 7619 


/ OF AMERICA 


P. Oo. Box 1708 ° Pittsburgh 30, Pennsylvania 


DIVISIONS: Pittsburgh e Gary e Southington Hardware « American Equipment 








AMERICA'S MOST COMPLETE LINE OF INDUSTRIAL FASTENERS 
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High quality chrome alloy 
steel wire is produced by the 
Cuyahoga Steel and Wire 
Division of Hoover Ball and 
Bearing Company. 


Micro-Velvet balls are pro- 
duced in the Hoover Ball 
Division plants in Middle- 
town, Ohio, and Erwin, 
Tennessee. 





Hoover is actively en- 
gaged in the develop- 
ment of an expanded 
line of non-destructive 
electronic inspection 
equipment. 





Hoover Quality bearings are 

the final result of the com- 

bined know-how of highly 

specialized, yet integrated 
oover divisions. 





Hoover Quality, widely recognized by bearing 
users, is the result of complete control of every 
step in the manufacture of bearings. 

Specialized knowledge gained through the oper- 
ation of its own wire drawing mill aids Hoover in 
setting and controlling the quality standards of 
wire from which balls are made. 


As America’s leading producer of balls, Hoover 
has the experience and equipment it takes to make 
balls of exceptional quality. Micro-Velvet balls 
used in Hoover bearings are accurate within 
millionths of an inch! 

And Hoover utilizes exclusive processes that 
assure product superiority. Hoover Honed race- 
ways are super smooth, superbly finished. Testing 


and inspection at various stages of manufacturing 
are accomplished with specially designed equip- 
ment. Even non-destructive electronic inspection 
is employed. 

Hoover Quality is the result of complete control 
. .. from start to finish. 


lnhoowe4> 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 
Zone Sales | 8581 South Chicago Ave., Chicago 17, Hlinois 

Offices and 290 Lodi Street, Hackensack, New Jersey 
Warehouses | 2020 South Figueroa, Los Angeles 7, California 


Micro-Velvet and Hoover Honed are Hoover Trademarks. 
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How To Build An Air Valve 
That Beats Friction and Coil Heat 


PILOT 
PRESS. 


ENLARGED SECTION OF PILOT CARTRIDGE 


To Achieve Endurance, 

« Breakthrough in Speed 

Generally, the most unpredictable fac- 
tor in solenoid valve life is the solenoid 
coil itself, and yet, a solenoid can be 
made to last practically forever if the 
coil can be kept from overheating. Coil 
heat is generated by long plunger travel 
and accelerated by erratic drag (fric- 
tion) during that travel. Achieve a 
short, quick, sure plunger stroke and 
the coil will last indefinitely. There- 
fore, the life of a solenoid pilot air 
valve is directly related to speed of 
operation. To achieve operating speed, 
friction in the pilot section and sole- 
noid plunger travel must be reduced to 
a minimum. Solve these problems and 
you get air control reliability that 
seems to have no limit. 


The Call-Outs Tell the 

Story of Endurance 

To control the major source of coil 
burnout, coil heating, the stroke of the 
solenoid plunger must be reduced to 
a minimum. The short stroke fractions 
the time the coil is energized; heat gen- 
eration drops and response time of the 
valve is stepped up. In the “Mach 2” 
the stroke has been reduced to 3/32 — 
about the thickness of a nickel. Fur- 
thermore, the friction problem must be 
solved, to avoid any unpredictable drag. 
In the “Mach 2” this has been done 
by use of a pilot cartridge enclosing a 
free-moving ball that seats on *‘O” 
rings at both ends of the cartridge [see 
above]. The ball moves freely, in- 
dependent of the seals. There is no 
“O” ring drag on the pilot plunger as 


it requires no seals. When there is no 
friction there is no wear. Similarly, the 
main valve seats seal on “O” rings. In 
the sealed position, metal shoulders 
take the shock in such a way that the 
“O” ring seal is merely kissed by the 
main valve seat [see (5) below ]. As 
the rings are only minutely flexed they 
do not fatigue or lose their resilience. 


What about Cycling Speed? 

Short solenoid plunger stroke and 
elimination of friction make extremely 
fast cycling feasible. After exhaustive 
testing in the laboratory and on indus- 
trial applications for over six years the 
“Mach 2” is rated at 1000 cycles per 
minute continuous duty. Cycling speeds 
as high as 2100 have been successfully 
reached for intermittent periods of 


twenty minutes. During a two-hour 
test at a sustained speed of over 1500 
cycles per minute the coil temperature 
stabilized at 7°C below the maximum 
code limit for Class A coils. 


100-Million-Cycle Guarantee 

on Solenoid Coils 

The design advances incorporated in 
the CRESCENT® “Mach 2” Air Valve 
are a significant breakthrough in both 
cycling speed and operating dependa- 
bility. Put CRESCENT® “Mach 2’s” 
(44- to %4-inch pipe sizes) on your 
“valve killer” jobs and see how free- 
dom from coil burnout helps to cut 
operating costs. Write for an advance 
copy of the new CRESCENT® “Mach 
2” catalog to Barksdale Valves, 5125 
Alcoa Avenue, Los Angeles 58, Calif. 





(1)EXTREMELY SHORT (3/32) 
SOLENOID STROKE PREVENTS 
OVERHEATING OF COIL 


(2)CONTINUOUS DUTY COIL 
GUARANTEED FOR 100,000,000 
CYCLES 


(3) FREE-MOVING 


(NO “0” RING DRAG) 


(4) FAST CYCLING (RATED 
FOR 1000 CYCLES PER 
MIN. CONTINUOUS DUTY 
BECAUSE OF (1) AND (3) 


(5) METAL SHOULDERS STOP MAIN POPPETS 
BEFORE SEALS CAN BE DEFORMED — 
SEALS STAY LIVE AND RETAIN 
SEALING QUALITY 





(6) TO SAVE INSTALLATION 
COST THREADED CONDUIT 
CONNECTION ROTATES 
THRU 360° 


(7)CAPTIVE COVER CLAMPS AND BODY 
SCREWS TO SIMPLIFY SERVICE 


(8) SUB-BASE FOR EASY 
MAINTENANCE — UNSCREW 
FOUR CAPTIVE BOLTS TO 
RELEASE ENTIRE VALVE —- 
WITHOUT DISTURBING 
PLUMBING 
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Who's Narrow? 


URRENT folklore has it that 
c: engineers are narrow, uncul- 

tured specialists. Their in- 
terest and knowledge in the arts 
and humanities are negligible, so 
the fable goes. 

Where are those uncouth speci- 
mens? In our job—and social ac- 
tivities too—we meet a great many 
engineers from a variety of levels 
and industries. We have yet to 
find one who matches the popular 
image of a half-educated expert. 

We suspect that engineers, on 


‘ the whole, are more actively inter- 


ested in literature, music, and art 
than are most other groups of the 
educated citizenry. 

On the other hand, it is rare to 
find, for example, a professor of 
English or history or the classics 
with any real interest in science 
and engineering. Yet the impact 
of engineering developments on 
mankind today is such that ignor- 
ance or indifference here must be 


considered the mark of a half-edu- 
cated person. 

Unfortunately, too many of 
those who make or administer our 
laws are equally narrow. Political 
science—a misnomer—bears no re- 
lation to the engineering sciences. 

Let’s quit being on the defensive. 
Let’s push the notion that what 
C. P. Snow calls the “two cultures” 
—the humanities and the sciences 
—are equally important elements 
of the intellectual makeup of a ful- 
ly educated person. 

The narrow specialists today are 
not the scientists and engineers but 
the humanists and scholars who re- 
fuse to face the intellectual chal- 
lenges of the scientific and engi- 
neering branch of culture. 
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From muskets to motorcars... 


One of Whitney's 
original drawings, 
showing a_ sketch 
and dimensions for 
a boring machine. 


A replica of Whit- 
ney’s original mill- 
ing machine. It had 
a rotating cutting 
tool, against which 
a power-driven ta- 
ble moved the work. 


ELI WHITNEY'’S 
Uniformity System 


RODNEY R. ADLER 


Burndy Library 
Norwalk, Conn. 
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Eli Whitney was born in 1765 into a rural 
New England that already had traditions of 
mechanical resourcefulness. His father’s farm 
had its own workshop, not uncommon in a 
countryside of tinkerers, to make and repair 
articles for house and field. 

In this shop, the teen-age Whitney forged 
nails which found ready sale in a revolutionary 
America cut off from its British sources of 
manufactured articles. When the return of 
peace dumped English-made nails on the market, 
the future inventor anticipated his later flexi- 
bility by reconverting his backyard forge to 
produce hatpins and walking sticks. 

With an early grounding in practical me- 
chanics and manufacturing, Whitney combined, 
during three years at Yale that preceded his 
invention of the cotton gin in 1792 and 1793, 
probably the best formal education in science 
and technology the new nation could offer. 
Under President Ezra Stiles, who introduced 
“natural philosophy” into the university’s cur- 
riculum, Whitney familiarized himself with 
Newton’s Principia and other classics of physical 
science, in preparation for his future career. 

In 1798, attacks on American shipping by 
French privateers caused a serious shortage of 
arms imported from Europe. With the “cold 
war” with France threatening to erupt into 
shooting at any time, Whitney recognized the 
need for mass production of muskets. He wrote 
to Congress, outlining his proposal .. . 


ENTION the name of Eli Whitney, and 

most Americans—even engineers—think first 

of the inventor of the cotton gin, and only 
secondarily of the man who had something to do 
with the introduction of mass production with in- 
terchangeable parts. Yet it is the second which is 
by far the greatest of his contributions to the system 
of designing and manufacturing that sets our pres- 
ent industrial age apart from its predecessors in the 
long history of technology. 

Whitney left a voluminous collection of corres- 
pondence and drawings. In addition, much has 
been published about his life and achievements— 
particularly his cotton gin. But on the subject of 
his “uniformity system,” available records lack com- 
pleteness and detail. It is difficult to determine 
exactly how his work dovetails with that of his pred- 
ecessors, contemporaries, and successors. 

Quantity production by the interchangeability 
system, as practiced today in industrial centers 
around the world, stems largely from the work of 
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mechanically gifted pioneers in gun, clock, and 
hardware factories in the northeastern United States 
between 1800 and 1850. Of these men, Whitney 
has received most of the credit from historians.':? 

The manufacturing methods that Whitney and 
his contemporaries developed in the early 1800's 
were as revolutionary as the war their country had 
fought twenty years before. Their product was one 
of the most intricate then in common use, one 
which a world unsettled by the French Revolution 
and its aftermath demanded in quantity—an army 
musket. Historical accident—France’s earlier sale 
of 23,000 muskets of the Charleville model of 1763 
to Americans fighting for independence—had made 
this firearm the U. S. Army standard during the 
decades around 1800. 

The musket’s design and fabrication were typical 
of the time. Each gun had some 50 parts, made and 
assembled by skilled gunsmiths. The hammer of 
one Charleville musket, for example, was similar 
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EL! WHITNEY 





to but not identical with ‘4e hammer of any other 
of the same model—a part from one musket would 
not fit another. 


The ‘‘American System ”’ 


Whitney’s idea was to break down the musket 
into simple components, reduce the fabrication of 
each part into a number of relatively simple me- 
chanical operations, and then design and build ma- 
chines to perform each of these operations rapidly 
and accurately. 

“The tools which I contemplate,’ Whitney ex- 
plained,® “are similar to an engraving on copper 
plate from which may be taken a great number of 
impressions perceptibly alike.” The “uniformity sys- 
tem” he advocated, based on producing quantities 
of identical, interchangeable parts, would be more 
economical than prevailing “file and fit” methods 
because its cost would be spread over many units. 

Whitney’s predecessors had created many of the 
elements he combined in what became known as 
the “American System.” Robert S. Woodbury, asso- 
ciate professor of the history of technology at M. I. T., 
cites interchangeable gears for clockwork, which 
were machine-made and gage-checked 80 years 
earlier in Sweden by Christopher Polhem.* 

During the last quarter of the 18th century, 
English ironmakers like John Wilkinson were learn- 
ing to cut the metal with greater accuracy. This 
trend culminated in 1794, when Henry Maudslay 
built the first metalworking lathe, with a table to 
hold its cutting tool steady in any position. In the 
1780’s the French gunsmith Honore Blanc, who 
may have heard of Polhem’s clocks, came close to 
modern assembly-line methods when he made 
muskets with interchangeable major parts. Blanc’s 
progress was hampered by “entrenched bureaucracy 
and threatened craft labor in long-established gov- 
ernment arsenals,” and finally halted by the chaos 
of the French Revolution. 


Muskets by Machinery 


In 1798, Whitney was forced to seek a new prod- 
uct t- keep his New Haven “manufactory” busy. 
He had been slow in starting production of cotton 
gins because he had to make most of his own tools. 
Whitney’s delays in delivering gins, the high royalty 
he asked, and the invention’s essential simplicity 
encouraged crossroads craftsmen in the cotton coun- 
try to ignore the loose patent laws of the time and 
make their own gins. 

In 1798 Federalist America and Revolutionary 
France were engaged in a “cold war” that seemed 
likely to break into a shooting conflict. As on many 
later occasions, America found herself embarrassing- 
ly short of weapons. 

French privateers were intercepting guns imported 
from Europe. Skilled American gunsmiths, using 
traditional methods in the newly established na- 
tional armories or in private shops, seemed too few 
to produce enough muskets in time for the emergen- 
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cy. It was the New Haven manufacturer’s oppor- 
tunity. “I have a number of workmen . . . whom 
I have instructed in working Wood & Metals and 
whom I wish to keep employ’d,” he wrote Oliver 
Wolcott, Secretary of the Treasury, in May, 1798. 
“I should like to undertake to manufacture ten or 
fifteen Thousand Stand of Arms.” 

He explained that forging, rolling, boring, grind- 
ing, and other operations performed by “machinery 
moved by water would greatly diminish the labor 
and facilitate the Manufacture . . .” of muskets. 
Only a contract for a large quantity, he stressed, 
would justify the investment in power-driven ma- 
chinery. At the end of May he received a contract 
to manufacture the then-incredible quantity of 10,- 
000 muskets of the Charleville model, at $13.40 
each, to be delivered by September 30, 1800. 


Production Problems 


It took Whitney more than ten years to deliver 
the 10,000 firearms. The building, equipping, and 
manning of a new plant were delayed by yellow 
fever in the summer of 1798 and the long, hard 
winter that followed, tying up supplies for con- 
struction and production. The primitive state of the 
industrial economy on which he depended also 
slowed his pioneering effort.® 

To persuade an impatient government to extend 
the deadline, Whitney, in 1801, staged his historic 
demonstrations of interchangeability, one of which 
President Jefferson is said to have witnessed. Whit- 
ney disassembled ten of his muskets, mixed the parts, 
and then reassembled them into ten complete guns.® 
In 1803 he began to deliver muskets in lots of 500, 
and shipped the last of the 10,000 early in 1809. 

In 1812, when the enemy was Britain rather 
than France, the government gave Whitney his 
second contract, for 15,000 pieces. While filling this 
contract, Whitney had his historic clash with Cal- 
lender Irvine, commissary general of purchases. This 
led to the establishment of more accurate and objec- 
tive inspection standards, and the beginnings of 
quality control by statistical sampling. 

Another Whitney experience during this period 
was perhaps the first instance of a conflict that 
has often been repeated since, between designers 
bent on improving a product and production man- 
agers trying to freeze designs in the interest of 
economy and volume. By now Whitney knew his 
manufacturing costs to the penny. When the gov- 
ernment asked him to incorporate an improved 
flash pan in the musket, Whitney did so, but only 
after he had won more money, and more time to 
change the production setup.” 


Designing for Mass Production 


History has omitted the details, but while the 
Charleville muskets that Whitney first put into 
mass production followed the general pattern of 
the originals that had served the Continental Army 
so well, there were significant differences. He had 
to redesign each of its parts to be formed by a pow- 
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The Charleville mus- 
ket, first item to be 











mass produced by 
Eli Whitney. His aim 
was to form every 
part, even the most 
complex, by stand- 
ardized operations 
of forging, boring or 
cutting, plus grind- 
ing and polishing. 


er-driven machine tool, rather than by the trained 
hands of a skilled craftsman. He had to establish 
tolerances so that any barrel would fit any stock. 

Whitney not only had to redesign the product 
and devise the production method, but also to plan 
and build the machines. America had no machine- 
tool industry in 1800. He built his plant on the 
Mill River in Hamden, just north of New Haven, 
where a 35-foot fall and an ample flow promised 
uninterrupted water power. He had intended to 
divide operations between this site and his old shop 
in New Haven, until Robert Orr, master armorer 
of the Springfield Arsenal, showed him how to save 
$4,000 a year by concentrating production at the 
new plant.’ Some of its machinery may also have 
been suggested by Orr, who had succeeded in ex- 
panding the Arsenal’s production from 80 to 442 
muskets per month, without adding workmen.* 

Unlike his contemporary, Marc Brunel, who was 
turning out pulley blocks for the British Navy by 
“one great complicated machine,” Whitney used 
the more flexible system that predominates today, 
each part being fashioned by separate—and usually 
general-purpose—machine tools. When his plant be- 
gan production, in 1801, its equipment included a 
power drill, a machine for boring barrels, a screw 
machine, and a trip hammer. A few years later a 
visitor described the assemblage of “Machinery 
moved by water, and remarkably adapted to the 
purpose . . . employed for hammering, cutting, turn- 
ing, perforating, grinding, polishing, &c.”® 

In modern terms, Whitney accomplished the fabri- 
cation of interchangeable parts by using jigs and 
fixtures to hold the work and guide the tools, and 
machine tools to cut wood and metal. Possibly his 
greatest single contribution to the “uniformity sys- 
tem” came in 1818, when he combined these opera- 
tions in the first milling machine, ancestor of the 
machine tools at the heart of today’s industrial 
economy.?® 

By the following year, John H. Hall was also 
manufacturing muskets with machinery and inter- 
changeable parts in the government armory at Harp- 
er’s Ferry, Va. Milling machines were probably used 
there and at the Springfield armory by 1820.‘ 


The Spread of Interchangeability 


Within a generation after 1820, machine tools 
from the shops of men inspired by Whitney and 
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other pioneers were shaping parts for clocks, re- 
volvers, sewing machines, and reapers. 

One of the most influential followers of the mus- 
ket-makers’ example was Samuel Colt, of revolver 
fame. When demand for his handarms spurted 
with the Mexican war, Colt arranged to have them 
manufactured by Eli Whitney Jr., then managing 
the works his father had established. Colt probably 
drew on Whitney’s methods in planning the fac- 
tory he completed at Hartford in 1853.1! Accord- 
ing to Professor Woodbury, E. K. Root, “the tech- 
nical genius behind the manufacture of the Colt 
revolver,” also profited from Hall’s achievements at 
Harper’s Ferry. With 1,400 machine tools, the Colt 
armory was the outstanding mid-19th century exam- 
ple of the interchangeability system. 

But of more lasting significance than Colt’s re- 
volvers were the men he trained in mass production. 
One of them was Henry M. Leland, who worked 
for Colt after the Civil War and who, in the early 
1900’s, applied lessons he had learned to the manu- 
facture of Cadillac cars. In 1906, when such pre- 
cision was still new to the auto industry, Leland 
repeated Whitney’s earlier demonstration, disassem- 
bling three cars, scrambling their parts, and reassem- 
bling them before an astonished London audience. 

Unlike the invention of a single machine or meth- 
od, a concept as far-reaching as the principle of 
interchangeable parts could hardly be the sole crea- 
tion of one man, however brilliant. It is rather the 
outcome of broad trends in technological evolution 
associated with the introduction of power and ma- 
chinery, extending over many years and involving 
many men, of whom Eli Whitney was one. All 
of these founders of the design engineering pro- 
fession contributed to the basic concept of industrial 
production. 
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Fig. 1—Configuration of Wohler cast-iron test specimen. 


Fatigue failure of a rotat- 
ing shaft is usually caused by 
cyclic tensile stresses that 
concentrate at fillets. To 
counteract these stresses and 
to improve fatigue life, resid- 
val compressive stresses can 
be induced in these critical 
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Fillet Rolling 
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VERY change in section size of a rotating shaft 
EK is a potential fatigue-failure area. Stress con- 

centrations in these areas are reduced, but not 
eliminated, by using large-radius fillets. The final 
step toward minimizing these failures involves cold 
working of the critical areas—actually putting a 
residual compressive stress in the surface layers. 

The two principal methods of imparting these sur- 
face stresses are shot peening and fillet rolling. 
Although they perform a similar function, the proc- 
esses and their results differ, Table 1. 

The fillet-rolling process is used mainly to 
strengthen fillets of engine crankshafts. Other im- 
portant uses include increasing fatigue resistance in 
automotive front - wheel spindles and light - alloy 
wheel rims, and increasing life of railroad-car axles, 
locomotive piston rods, and propeller shafts. Al- 
though marine propeller shafts to 36 in. in diameter 
are fillet rolled, the process is applied mostly to 
shafts less than 5 in. in diameter. 

Fillet rolling involves pressing a specially shaped 
roller against a fillet of a rotating shaft to com- 
press the surface layers of metal. Subsequent re- 
peated tensile, impact, and bending stresses applied 
to the shaft may concentrate at the fillet, but in a 
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properly designed part, they will not overcome the 
superimposed compressive stresses. 


Property Changes 


Rolling the surface of a fillet imparts several new 
properties to the metal: 1. It imposes high residual 
compressive stresses in the surface. 2. It work-hard- 
ens the fillet surface. 3. It improves the surface fin- 
ish. 4. It may increase resistance to corrosion fatigue 
and fretting corrosion. 

Of the many benefits that result from these prop- 
erty changes, the most important is the improved 
fatigue resistance. 

Materials for shafts are usually selected on the 
basis of tensile strength and fatigue resistance, with 
lesser consideration for impact resistance. However, 
when an application demands a more-than-usual 
amount of impact resistance, the selection becomes 
a compromise, and some fatigue resistance must be 
sacrificed. Otherwise, the volume of metal must be 
increased to bring applied stresses down to safe 
levels. To overcome these problems, a steel of ad- 
equate impact strength can be fillet-rolled to a 
strength level that provides ample fatigue resistance 
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in the fillet, thereby satisfying both requirements. 

Results of fatigue tests on notched cast-iron spec- 
imens, Fig. 1, show typical increased fatigue strengths 
for these materials, Fig. 2.1 Three 40-deg included- 
angle rollers, 120 deg apart, were used to roll the 
V-notch at 36 rpm for 5 revolutions at various 
pressures. Contour radius of the rollers was 0.010 in. 
Although nonductile flake-graphite irons received 
little benefit from the rolling—and even showed 
undesirable effects of rolling at pressures above 100 
lb—the ductile nodular irons benefited greatly from 
the increased pressures, Fig. 3. 


Residual Compressive Stress: Plastic strain occurs 
when a metal is stressed above its yield point. 
When the load is removed, residual compressive 
stresses remain in the metal. Before failure in ten- 
sion can occur, an applied tensile load must over- 
come this entire residual compressive stress as well 
as the natural tensile strength. Also, before fatigue 
failure can take place, the applied alternating stresses 
must overcome about one-half of the sum of the 
original tensile strength and the superimposed re- 
sidual compressive stress, Fig. 4. For example, if a 
fillet roller introduces 20,000 psi of residual com- 
pressive stress into a hardened steel shaft with a 
fatigue strength of 33,000 psi before rolling (tensile 
strength = 66,000 psi), the fatigue resistance will 
be raised to approximately 43,000 psi. 

During rolling, surface layers of a metal deform-— 
first elastically, then plastically—under compressive 
stress. Subsurface layers are also compressively 
stressed, but only elastically. Thus, low-level ten- 
sile stresses are developed deep within the work- 
piece to counterbalance the applied compressive 
stresses. When the roller is removed, the surface 
layers that have been plastically deformed in com- 
pression relax slightly. Beneath the surface, how- 
ever, the metal stressed elastically in compression 
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cannot relax because the surface layers have taken 
a permanent set, and high-level residual stresses in 
biaxial compression remain. Compensating low-level 
stresses in biaxial tension exist deep within the metal. 
In service, when the part is subjected to alternat- 
ing tension and compression surface stressing, the 
residual compressive stress counteracts the applied 
tensile stress, and the resultant surface stress in 
tension is much smaller than the applied value. 
The resultant surface stress in compression is, of 
course, larger than the applied value. 
Investigators have shown that fatigue failures 


Table 1—General Comparisons of 
Shot Peening and Fillet Rolling 





Shot Peening Fillet Rolling 





Limitations 
No limitation — to circular cross sec- 
jons 


Minimum Fillet Size 
Approximately 0.025 in. 


Improved 
Improvement averages 20 
per cent 


No limitation 
Strength 
Improvement averages 50 per 
cent 


Attainable Compressive-Stress Values 
Higher (located at sur- Lower (located beneath sur- 
face) face) : 
Depth of Cold Work 
Relatively shallow— Relatively deep—0.040 in. is 


not over 0.020 common. Deeper on large- 
diameter parts 


Hardness Processing 
Can improve steel with Limited to Rockwell C hard- 
Rockwell C hardness as ness of 40 or less 
high as 52 


Relatively coarse Smooth—8-16 mu in. 


Lubrication of Part in Service 
Provides oil-retaining Smooth (oil-retaining pockets 
pockets naturally can be designed in) 


Time to Process 
2 min or more, one fillet 10-60 sec, all fillets simultane- 
at a time ously 
Necessary for protection Unnecessary 
of adjacent areas 


Pearlitic | 


77 } 
Flake a : , 
Graphite | VA Not Rolled 


+ | 
Ferritic Fillet Rolled Fig. 2—Effect of fillet 
Flake rolling on fatigue 
Graphite strength of Wohler cast 
oe iron test specimens. 
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Ferritic ; | | 
Nodular : 
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FILLET ROLLING 





are always tension failures and that they most 
frequently initiate at the metal surface. Also, the 
residual compressive stresses prevent propagation of 
surface cracks even if they are present at the time 
of rolling. 

If the stress introduced by rolling is too low, 
only elastic deformation takes place and no residual 
compressive stress remains. If rolling pressure is 
too high, excessive deformation occurs, “ploughing 
up” the surface layers, overstraining the metal, and 
reducing fatigue resistance, Fig. 3. 

Depth of the fillet-rolling compressive effect de- 
pends on applied stress during rolling, which in turn 
depends on load, roller dimensions, workpiece di- 
mensions, and mechanical properties of the work- 
piece and roller. A large roller, under low unit stress 
may affect the workpiece metal to a great depth, 
but low residual compressive stresses are introduced. 
On the other hand, a roller of extremely small radius 
introduces high residual compressive stresses but for 
a relatively shallow depth. Subsequent lapping or 
grinding of a shallow-rolled fillet would, of course, 
remove the beneficial stresses. 

The entire fillet area must be rolled to achieve 
value from the process. Fillet rolling a single spot 
or part of the fillet defeats its own purpose by pro- 
ducing tensile stresses in adjacent parts of the fillet. 
To insure complete coverage, the roller must be 
passed over the fillet several times. 


Work Hardening: Rolling produces a work-hard- 
ened surface which protects the fillet from damage 
in subsequent handling and reduces the possible oc- 
currence of tool nicks during assembly. 

Rolling has increased the Brinell hardness of 
B1112 steel from 140 to 195, cast iron from 185 
to 260, and forged 1045 steel has been hardened 
from 34 to over 55 Rockwell C.? Brinell hardness 
of type 416 stainless steel has been increased from 
210 to 273, aluminum from 102 to 122, brass from 
116 to 155,° and the Rockwell B hardness of 1040 
carbon steel has been increased from 88 to 97.4 Cold 


j~—a— Alternating stresses in service 
| i 


Metal surface 
m(+) | 


2 ae | 


drawing and thermal treatments also increase metal 
hardness, but unlike rolling, they introduce little 
or no residual compressive stress at the surface. 

Although many hardness traverses of fillet-rolled 
areas appear to show a maximum hardness value 
at the surface, studies of strain-hardened aluminum 
and copper show that maximum hardness is devel- 
oped at some distance below the cold-worked sur- 
face, Fig. 5. Other investigations’ indicate that the 
plane of maximum shear stress, based on hardness 
readings from traverses of cold-worked metal, is at 
a depth d/4 below the surface, where d is the di- 
ameter of the indenter. In fillet rolling, this would 
be equivalent to approximately one-half of the 
minor or contour radius of the roller. 
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Rolling Pressure (Ib) 


Fig. 3—Effect of increased roll- 
ing pressure on fatigue strength 
of cast-iron specimens. 
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Applied stress 
(tension) 


Resultant stress 
(tension cycle) 


Residual stress 


/ an Applied stress 
/ (compression) 





Resultont stress 
(compression cycle) 


Fig. 4—Effect of alternating ap- 
plied stresses on residual 
stresses in a fillet-rolled section. 
Maximum residual compression 
stress m(—) is at depth d/4, 
where d=twice the minor ra- 
dius (R,) of the roller. Maxi- 
mum _ residual tensile stress 
m(+-) is deep within the metal. 








: ’ 
Tension (+)<++=Compression (—) 


Resultant curves show shift 
from residual stress curve dur- 
ing alternating bending cycles. 
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Once the fillet surface has been hardened by a 
rolling operation performed at optimum pressure, 
further rolling at the same pressure cannot damage 
it, nor will this increase the hardness in the fillet. 


Surface Finish: Although coarse-machined fillets 
(1000 mu in.) on steel shafts have been rolled to 
below 10 mu in., fillet rolling is usually performed 


on ground surfaces of 30 to 60 mu in., producing, 


final finishes of 5 to 8 mu in. Roller finish largely 
determines the finish of the fillet, although other 
factors also have an influence, Table 2. 

An important relation exists between surface finish 
and residual compressive stress: The greater the 
depth of compressive stress introduced, the less im- 
portant is a smooth finish; conversely, where the 
compressive effect in fillet rolling is shallow, a high 
surface finish helps achieve fatigue resistance. But 
fatigue improvements stem mainly from increased 
compressive stress; much less from the smooth- 
ness of finish. Therefore, finish, in terms of micro- 
inches, is not a reliable measure of the effectiveness 
of rolling, Fig. 6. 

Cast-iron surfaces tend to be coarser than steel 
surfaces when fillet rolled under similar conditions. 
Surface finish of nodular iron can be expected to 
be reduced to 10 to 15 mu in. by rolling; gray cast 
iron, to as low as 6 to 8 mu in. (if the effect of 
graphitic crevasses is ignored). For the smoothest 
finish, cast parts should be rolled in the machined 
or ground state. 


Corrosion Fatigue: When a fatigue crack begins 
to form, tensile and shear stresses concentrate at the 
crack root. Chemical corrosion then removes metal 
from this area. With tensile restraint gone, the crack 
widens, introducing new, high stresses at the root, 
and the crack propagates rapidly, Fig. 7a. 

Fillet rolling retards corrosion fatigue in a crack 
because the compressive surface stresses tend to close 








Fig. 5—Hardness distribution in strain-hardened alumi- 


num is shown by isodurs—lines of constant hardness. 
Values noted are Brinell hardness numbers. 
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the crack, preventing entry of corrosive products 
and neutralizing the tensile and shear stresses at 
the root. This action redistributes the applied stress 
along the crack wall, produces new crack nuclei, 
and forces the corrosive environment to act laterally 
in directions other than that of the original crack, 
Fig. 7b. The multiple-crack effect lowers the stress 
level in the original crack, reduces the notch effect, 
and retards further crack propagation. Corrosion 
fatigue cracks in a fillet-rolled surface are detected 
more easily at an early stage because of their width 
relative to cracks in an unrolled surface. 

If corrosion fatigue progresses to the point where 
the crack root penetrates the surface-stressed layer, 
crack propagation takes place rapidly in the usual 
manner. 

Cracking of AISI 410 stainless steel (36 to 42 
Rockwell C) under a 60,000 psi static stress in air- 





Table 2——Factors Affecting Surface 
Finish of Fillet-Rolled Parts* 


Produces 
Better Finish 


Produces 
Poorer Finish 


Factor 
Roller Finish Coarse finish Smooth finish 
Roller Radius Small Large 
Pressure Low High 
Lubricant High viscosity Low viscosity 
Feed+ Large Small 

Speed No effect No effect 


*In order of decreasing importance. 
tOn wedge-shaped rollers, feed corresponds to wedge angle. 






































Fig. 6—Comparison of finished metal surfaces show that 
microinch finish readings can be deceptive. Ground and 
fillet-rolled surface, a, has the same finish (8 mu in.) 
as lapped surface 5, but the saw-tooth surface of the 
latter can cause more rapid bearing wear. A _ wire- 
brushed finish, ¢ (125 mu in.), can be fillet rolled and 
roll burnished to produce a 2 mu in. finish (on flats), 
d, with good oil-retaining properties. 
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FILLET ROLLING 


Fig. 7—Propagation of a 
fatigue crack in an un- 
rolled fillet proceeds ra- 
pidly, a, under corrosive 
conditions. Compressive 
surface stress in a rolled 
fillet, 6, tends to close 
crack and to redistribute 
applied stresses laterally. 


saturated water at 300 F was retarded for 8 weeks 
by surface compression.* Untreated parts started 
cracking a few hours after being placed in service. 
The residual stress was introduced in this case by 
peening, because the part surface was irregular. 
However, on a cylindrical part, fillet rolling or 
roll burnishing would have a similar effect. 

Occasionally, shaft failures are traced to the 
transformation of residual austenite to martensite 
under applied stress in service. This transformation 
introduces localized areas of high stress which serve 
as fatigue nuclei. Fillet rolling can be used to pre- 
vent this type of failure by “forcing” transformation 
of the residual austenite before the shaft is placed 
in service. The residual compressive stresses also 
neutralize the tensile and shear stresses which may 
arise from continued austenite tranformation during 
service stressing. Investigations’ have shown that 
compressive surface stressing can improve impact 
resistance by lowering the transition temperature 
of SAE 1020 steel specimens by 60 F. 


The Rolling Process 


To achieve the high compressive forces needed 
to plastically deform metal in the fillet, an alloy- 
steel wedge-shaped roller, Fig. 8, is pressed into 
the fillet under hydraulic pressure. Because the 
contact area is small, a relatively low pressure gen- 
erates ample stress to deform the material. For 
example, a contact area of 0.00027 sq in. produces 
a compressive shear stress of 650,000 psi with an 
applied loading of only 175 Ib. Rolling with a ball 
or a plain roller shaped to match the fillet radius 
would require a much higher load because of the 
greater contact area. A light-oil lubricant prevents 
galling and helps generate a fine finish. 

As the roller rotates, the narrow portion of the 
wedge rolls metal at the fillet center Fig. 9a. Rota- 
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A B Cc D* E 
(in.) (deg-min) in.) (in.) (in.) 





0.174 1-57 0.030 «#1625 8 80.437 
0.284 3-58 0.060 1.625 0.437 
0.435, 6-04 0.080 1.625 0.460 
0.612 6-52 0.090 862.125 = (0,687 





*D=twice the major radius, R,. t¥=<minor radius, Ry. 


Fig. 8—Recommended dimensions? of wedge- 
shaped roller design,® for rolling small fillets. 


tion away from the wedge point works the fillet 
metal toward its extremities Fig. 9b and 9c. As the 
shaft and roller rotate in contact at 150 rpm, the 
narrow lands on the roller circumference ride up 
and down each side of the fillet. Although 200 to 
600 rolling cycles may be recommended to assure 
thorough coverage, as few as 11 cycles are used in 
practice to achieve significant fatigue-strength im- 
provement. 
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Nomenclature 


= A function of roller and workpiece material prop- 
erties (dimensionless) 


= A function of roller contact angle @ (dimensionless) 


Roller pressure, Ib 
Fillet radius, in. 
Contour or minor radius of roller, in. 


Shaft or workpiece radius, in. 


= Roller major radius, in. 


= Minimum compressive stress required for desired 


hardness, psi 
Roller contact angle (angle included by major axis 
of contact ellipse of roller and fillet), deg 








Fig. 9—Action of wedge- 
shaped roller cold works 
the center of the fillet, a, 
and the extremities, 6 and 
¢, uniformly. 
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Production-type fillet-rolling machines, Fig. 10, 
are used for rolling multiple fillets on crankshafts. 
Similar equipment is used for production rolling of 
wheel spindles. Larger shafts (above 5 in. in di- 
ameter) are rolled on equipment constructed espe- 
cially for each application or on engine lathes 
equipped with rolling heads. 


Surface Preparation 


Although machined finishes as coarse as 125 mu 
in. are generally acceptable for rolling, ground fin- 
ishes below 60 mu in. are rolled faster and usually 
produce a slightly better finish. 

Of the many fillet configurations commonly used, 
Fig. 11, styles b, c, and d are preferred to style a 
for rolling, since the wedge roller causes a small 


Fig. 10—Crankshafts and 
similar parts are fillet 
rolled by multiple-fillet 
rolling equipment on a 
production basis, _ left. 
Closeup of open shoe on 
one of the rolling heads 
is shown above. 





FILLET ROLLING 
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Fig. 11—Typical fillet configurations for rolling. Styles b, c, and d are preferred 


to style a. 


Undercut style d must be ground on an angular-wheelhead grinder but 


when fillet rolled, requires no roll burnishing to smooth the transition. 


ridge of metal to build up at the edge of the rolled 
area. Angular clearance of the roller is generally 
designed to minimize this ridge formation. 

One recommended finishing sequence specifies: 
1. Finish grind the journal to size, leaving the fillet 
and cheek slightly oversize. 2. Form-shave the cheek 
and fillet so that shaft diameter at the fillet is slightly 
smaller than journal diameter, 3, Fillet roll. 4. Roll 
burnish to blend the fillet and journal. 


Rolling Pressure 


Fillet-rolling specifications must include either the 
desired intensity of residual compressive stress and 
the desired depth, or the rolling pressure, roller 
major radius, contour radius, and number of passes 
or revolutions required for thorough coverage. 


Dimensional tolerance limits may be taken from 
Table 3, and the roller major and contour radii 
(for wedge-type rollers), from Fig. 8. Rolling pres- 
sure is calculated by the following procedure: 


1. Establish the alternating stress in the fillet. This 
stress may be working fatigue stress, fatigue overload 


Table 3—Fillet-Rolling Tolerances 


Fillet — 
Root or Journal 


‘Shaft Diam Fillet 
i Diam. (in.) 


(in.) Radius (in.) 


Axial Location 
of Fillet (in.) 


+0.010 
+0.010 
+0.010 
+0.010 
+0.010 


+0.0005 
+0.001 
+90.0015 
+ 0.002 
+ 0.002 


+0.005 
+0.005 
+0.005 
+0.008 
+0.010 


Table 4—Work Hardenability of Steel, Aluminum, and Magnesium 


Work-Hardened ——Tensile Strength— 
Condition+ (1000 psi) 
Work- 
Hardened 


Alloy 


Annealed 
Steel 

1016 87 41 
1019 84 51 
1029 q y 104 o« 
1037 y 226 35 
1045 93 69 
1055 as = 
4140 g §2 


Aluminum 
1100 H18 13 
2024 T36 27 
3003 H18 16 
3004 H38 26 
5005 H18, 18 
5050 H38 21 
5052 H38 28 
5086 H34 38 
5357 H38 19 
5056 H18 42 


Magnesium 
M-1 hard 33 35 18 
AZ31X hard 37 44 22 
AZ51X hard 40 45 21 


*Load, 3000 kg with 10-mm ball for steel; 500 kg with 10-mm ball for aluminum and magnesium. 


Yield Strength—— 
(1000 psi) 


Annealed 


Hardness 
(Bhn*) 
Work- 
Annealed Hardened 


—Fatigue Strength— 
(1000 psi) 
Work- Work- 
Hardened Annealed Hardened 


85 28 43 126 178 
72 35 42 147 169 
78 35 45 ee 210 


+r 33 65 “< 400 
84 47 55 190 213 
es as 75 a 535 
90 é 51 223 


9 
18 
10 


16 
14 
20 
22 
26 10 48 54 
34 11 13 55 72 


34 13 14 57 71 


tFor steel, work-hardened condition is given in terms of reduction of area, per cent; for aluminum and magnesium, 


in terms of strain-hardened temper (except for aluminum 2024-T36, 


which is a heat-treated condition). 
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A a ornate a 


Hardness, Equivalent 


Rockwell C 


20 
25 
30 
35 
40 
45 
50 
55 
60 


i Table 5—Values of S, 
Rana: Sets 


From “Reference 10. x 


Table 6—Values of F 


Cos @* F 





1.00 
1.05 
1.08 
1.13 


1/R,+1/R,—1/R,—1/R, 
*where cos @ = — 
1/R,+1/R3+1/R,+1/R, 
and the value of R, is taken as negative. 





Table 7—Values of C for Steel 
Rollers with Various Shaft Materials 
oe Cc 


Steel 2.061014 
Aluminum 5.881013 
Magnesium 2.151013 
Stainless steel 1.841014 
Nodular iron .94x 1014 


stress, or repeated tension impact stress. Apply the 
necessary notch and safety factors to establish the 
mechanical strength required in the metal. Check 
Table 4 to be sure that the alloy has sufficient work- 
hardening capacity to achieve the required strength 
level at the fillet surface. 

. Establish the minimum depth below the fillet sur- 
face to which the effects of working should pene- 
trate. A graphical analysis of applied service stresses 
helps to arrive at a realistic value for this depth. 
The shallowest depth consistent with the design 
stresses should be selected. The contour radius of the 
fillet roller should be at least twice this depth. 

. Assume a fillet roller with a major diameter of about 
one-half the diameter of the workpiece. (A 1.625-in. 
diameter roller is usually adequate for shaft diameters 
of 2 to 5 in.) Pressure P (lb) to be applied on this 
roller can be found from 





sor ( 


4 )’ 
1/R, + 1/Rz + 1/R3 + 1/R, 


= —____—__— — (1) 





Cc 


where values of Sc, required minimum stress, F, an 
empirical constant, and C, a function of material prop- 
erties are taken from Tables 5, 6, and 7 respectively. 
An alternate equation for quick calculation is 
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4 2 
) (2) 
/R, + 1/Re2 + 1/R3 + 1/R,4 





P = 2630 ( 
1 


The value of Ri must be taken as negative in either 
formula, since the center of the fillet radius lies out- 
side the body. 

. Where wedge-shaped rollers are to be used, two radii 
are constantly in contact with the fillet; consequently 
the applied pressure must be 2P. When more than 
one roller is applied on the same head, pressure must 
be increased accordingly. 

. Establish a tentative specification at this point. A 

typical specification might be: Roll 0.250 fillet radius 
with 1.625-in. diam roller having 0.040 minor radius— 
150 Ib pressure per roller. 
Finally, determine whether the total applied pressure 
is within the capacity of available equipment. If pres- 
sure is too high, decrease Ra (or Re if depth of penc- 
tration is not critical), altering the size of the elliptical 
contact zone between roller and fillet as needed, 
until a realistic pressure is reached. Or, a larger 
fillet radius may be specified to reduce applied roll 
pressure. 


Although these formulas assist in the selection 
of approximate dimensions for rolling, the process 
is largely empirical. Ideally, tests should be made 
on sample parts to ascertain if hardness level and 
depth of penetration actually reached in the fillet 
area are adequate for the job. Where facilities are 
available, full-scale fatigue cr overload tests should 


be run. 
Other Design Factors 


Fillet rolling is not successful on metals harder 
than 40 to 45 Rockwell C, because the pressures 
required to initiate deformation cause rapid wear 
and early failure of rollers. Stellite or carbide 
rollers may provide a means of fillet rolling at high 
hardness levels. 

Rolling a decarburized surface has little or no 
effect on fatigue strength. A heat treatment should 
be specified that assures a minimum of decarburiza- 
tion in the fillet. Machining allowance must be made 
for the removal of all abnormal surface metal. 

Fillet rolling sometimes imparts a small amount 
of runout (0.008 to 0.015 in.) and the part may 
require straightening after rolling. If the residual 
compressive stresses are sufficiently high, the straight- 
ening operation will have little effect on fatigue 
strength. 
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Limited-travel sleeve opens and applied around the sleeve forces it against 
closes valve. In operation, fluid opens the the rounded end of the cylinder. Prin- 
valve by forcing the sleeve against the out- _— ciple employed in valve developed by 
er walls. To close the valve, air pressure Airmatic Valve Inc., Cleveland. 
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Latching-action valve closes when line pressure drops and stays closed 
against subsequent increased line pressure. The spring-loaded piston is held open 
by normal pressure against the larger area to permit flow. Pressure reduction 
caused by a line failure beyond the shutoff permits the piston to close the entry 
port. Supply pressure acting against the smaller area of the piston cannot open 
it against the spring force. The resulting pressure increase actuates a warning 
device. Principle employed in broken-line indicator developed by Trabon Engi- 
neering Corp., Solon, Ohio. 











Tapered-chuck fastener squeezes shaft to attach control knob to the 
shaft. Axial movement of the cone forces it against a mating surface of a metal 
sleeve pressed into the plastic knob. Principle employed in control of knob manu- 
factured by Valvo GmbH, Hamburg, Germany. 


January 5, 1961 





SCANNING THE FIELD FOR IDEAS 


Self-positioned venturi = regulates 
flow. Upstream pressure against the face 
is balanced by a compression spring to 
determine axial position of venturi. The 
spring cavity is open to lowest-pressure 
portion of the venturi. Any increase in 





























upstream pressure acts against the face, 
as well as reducing pressure in spring 
cavity, to close the throttling portion of 
the valve. Principle employed in flow 
regulator manufactured by Bopp & 
Reuther, Mannheim, Germany. 
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sprocket 


Oil-deflected vane 


detects presence or absence 
of rotation to control a 
safety shut-off switch. In 
normal operation, the pad- 
dle wheel, driven from 
shaft being monitored, im- 
parts circular motion to 
the oil which deflects the 
vane. A flat surface on the 
pivot shaft of the vane op- 
erates the switch contact. 
If the paddle wheel stops, 
the vane drops to an up- 
right position and operates 
the switch. Principle em- 
ployed in a motion safety 
switch developed by Fuller’ 
Co., Catasauqua, Pa. 


Balls transmit torque 
in a centrifugal clutch. Steel 
balls, driven by vanes con- 
nected to the input shaft, 
press against the wall of 
the housing attached to the 
output shaft. Friction be- 
tween the balls and the 
housing provides the drive. 
Principle employed in 
clutch manufactured by 
Metalluk Johann Cawe, 


Bamberg, Germany. 
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Conical rod ends in a motion-transmitting linkage reduce fric- 
tion and free play. Conical recesses in mating parts permit lim- 
ited angular motion. Principle employed in measuring gage manu- 
factured by Mahr Gage Co. Inc., New York. 


Planetary brush sweeps across a saw blade to re- 
move metal chips. The brush, mounted on the outer 
periphery of one of the guide wheels, requires no ad- 
ditional driving mechanism. Principle employed in saw 
developed by DoAll Co., Des Plaines, IIl. 


MacuHiIneE Desicn 





Mercury slip ring com- 
bined with a cup-shaped, ro- 
tating contact, provides con- 
stant contact resistance and 
freedom from sparking. The 
mercury is contained in a cir- 
cular groove. The container 
can be mounted either hori- 
zontally or vertically. At high 
shaft speed, in the vertical 
mounting arrangement, vis- 
cous drag between the rotor 
and the mercury distributes 
the mercury around the 
groove. Principle employed 
in current transmitter devel- 
oped by Oskar v Mossin, 
Duesseldorf, Germany. 
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Rotating contact Stationary contact 


Mercury 


Horizontal Mounting 


Rotating 
contact 


Stati 
Mercur pec rt 


Vertical Mounting, Low Speed 


Rotating 
contoct 


Mercury 


Vertical Mounting, High Speed 





How to use 
four basic concepts 
to speed and improve 


Mechanism Design 


THOMAS P. GOODMAN 
Kinematics Engineer 
General Engineering Lab. 
General Electric Co. 
Schenectady, N. Y. 


ROBABLY the most useful single concept, in 

both synthesis and analysis of mechanisms, is 

the concept of kinematic inversion. An inver- 
sion of a mechanism is a mechanism obtained by 
fixing a different link, that is, by making a different 
link the frame of the machine. 

The relative motions of the links of a mechanism 
with respect to each other are not affected by hold- 
ing a different link fixed; hence, any motion rela- 
tionship involving only relative motion applies equal- 
ly well to aJl inversions of a mechanism. Problems 
in both analysis and design can often be simplified 
by dealing with the simplest inversion of a mecha- 
nism. 

One application of kinematic inversion is the de- 
termination of velocity relationships in a planetary 
gear train. By fixing the rotating arm which carries 
the planet gears and making the stationary gear 
free to rotate, a plain gear train is obtained which 
is an inversion of the planetary gear train, Fig. 29. 
The relative velocities of the gears can be easily 
determined for the plain gear train, and once they 
have been determined in this way, the relative 
velocity relationships apply also to the planetary 
gear train. Inversion may also be used to simplify 
acceleration analysis of mechanisms.! 

An example of a kinematic design problem which 
is simplified by kinematic inversion is the graphical 


iReferences are tabulated at end of article. 
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layout of a cam. Here, it is convenient to consider 
the inversion of the cam mechanism in which the 
cam is fixed and the machine frame rotates back- 
ward around the camshaft.? The follower is drawn 
in successive positions relative to the cam, which 
is temporarily considered fixed, and the cam contour 
is drawn tangent to all positions of the follower. 

In some problems, inversion can be used two 
or more times in succession to simplify the design 
solution. This is illustrated by the problem of de- 
signing a cam surface for actuating a rotary valve 
on a rotating drum in an automatic machine, If 
the valve is to be opened at a definite position 
of the drum, a stationary pin on the machine frame 
can be used to engage a cam surface on the rotary 
valve, Fig. 30. To design the cam in a straight- 
forv'ard way, first consider the drum as fixed and 
the pin to be rotating backward relative to the drum, 
to define the main geometry of the system. Then, 
to lay out the cam, consider the valve fixed, with 
the drum rotating backward relative to the valve and 
the stationary pin still rotating backward relative 
to the drum. 

An inversion of the four-bar linkage, Fig. 31, 
can be used to provide a virtual pivot for small 
angular motion when a desired center of rotation 
is inaccessible. Such an application is shown in 
Fig. 32, which is a linkage designed for a dynamome- 
ter mounting. This linkage provides a close approxi- 
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(a) Planetary geor train 


, 29—Planetary gear train as an in- 
hie Fea cee 


mation to a pure rotation about point P for +15 
deg of angular motion. For this application, the small 
motion of the center of rotation is taken up by a 
flexible coupling. Points C and F are constrained to 
move approximately in circular paths about P. By 
fixing C and F to the frame of the machine and 
freeing link 1, P becomes a virtual center of rotation 
of the combination of inverted linkages. 

Another application of kinematic inversion is the 


/Stationary pin 


Fig. 30—Use of succes- 
sive inversions to design 
a cam on a rotating drum. 


Rotation of 
drum cond 
cam 


(a) Original mechanism 
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(6) Piain geor train 


extension of the applicability of computer programs 
for linkage analysis and design. For example, a com- 
puter program® is now available for designing a 
planar four-bar linkage to approximate a desired 
functional relationship between the input angle ¢ 
and the output angle ¥, but no programs are yet 
available for designing a linkage to approximate a 
desired functional relationship between input angle 
¢@ and coupler angle y. However, the available pro- 


Relative motion of pin in successive 
positions defines cam contour 


Total angie 
of com 
rotation 


Relative rotation 


| 
hae Relative 


motion of 
drum center 


eo al 


(6) First inversion: 
Drum held fixed 


(c) Second inversion: 
Cam held fixed 





MECHANISM 
DESIGN 





grams can be immediately used for this purpose 
merely by temporarily considering the driving link 
as fixed and the fixed link as the driver. For this 
inverted linkage the input angle is ¢ and the output 
angle is ¢ — y, Fig, 33. 


Summary of Design Procedure 


General steps that may be followed in applying 
the principle of inversion of the foregoing para- 
graphs and the principles of constraint, toggle effect, 
and rotation discussed earlier in this series may be 
outlined briefly: 

1. Use the equation of constraint (Equation | 
or 2 of Part 1) to determine the numbers of links 
and the numbers and types of pairs that will pro- 
vide constrained motion, Then investigate the con- 
figurations which are possible with these numbers 
of links and pairs. In the classical theory of kine- 
matics, this step is divided into form synthesis*® 
and number synthesis. Form synthesis is a listing of 
the types of machine elements—cranks, cams, gears, 
screws, friction wheels, ropes, ratchets, fluid drives, 
and electric drives—which may be applicable in a 
given problem. Number synthesis is the investiga- 
tion of the configurations of these elements which 





Pole 
tangent 


can be used to achieve constrained motion. 

2. For a qualitative approach to the problem of 
matching the available force and motion character- 
istics of an input to the required force and motion 
characteristics of the output, investigate the toggle 
effects which can be achieved in each of the mech- 
anisms obtained from the constraint considerations. 
This step is not found in the classical theory ol 
kinematics, but in the author’s experience it is a 
valuable step in giving the designer a “feel” for the 
characteristics of the mechanism. 

3. For a quantitative approach to the design of a 
mechanism for prescribed motion characteristics, use 
the principles of rotation and inversion. The first 
part of this step is to find the simplest possible in- 
version of the mechanism and to use this simplest 
inversion from then on. For three precision points, 
the elementary graphical method described in Part 3, 
based on the fact that three points in a plane 
uniquely define the circle that passes through them, 
gives the most general solution. For more than three 
precision points, adaptations of this graphical meth- 
od can be used for special solutions, but advanced 
graphical or analytical methods (called dimensional 
synthesis in the classical theory of kinematics) must 
be used to achieve the most general solution. Never- 
theless, the elementary graphical solution is usually 
a worthwhile first step before applying the more 
advanced techniques. 

In the design of a cam mechanism, the principles 
of constraint and inversion are still useful, but the 
toggle effect becomes a simple wedge effect and 














Fig. 32—Virtual pivot linkage 
for small angular motion. 








+ 





Fig. 31—Crossed 
four-bar linkage. 


(a) Original linkage 





2, Input 
(b) Inversion 


Fig. 33—Use of inversion to extend ap- 
plication of computer programs. 
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the principle of rotation, based on a limited number 
of precision points, is no longer required, since a 
cam can be laid out for an infinite number of preci- 
sion points. Indeed the chief advantage of cam 
mechanisms lies in their versatility in meeting pre- 
scribed motion requirements and in the ease with 
which they can be designed. 

Once the problems inherent in their design for a 
limited number of precision points have been over- 
come, however, link mechanisms can offer three 
significant advantages: 


1. They can be easily and cheaply fabricated to high 
precision. 

2. They have high load-carrying capacity because of 
journal bearings. 

. Their dynamic performance at high speeds® is in- 
sensitive to minor manufacturing errors. 


Putting the Four Principles to Work 


A recent project illustrates how the kinematic 
principles of constraint, toggle effect, rotation, and 
inversion are applied together in the solution of 


Hydraulic actuators for 
exhaust nozzle 


Actuator ring 





Exhoust nozzle ( articulated fingers ) 


Fig. 34—Schematic of jet engine. 





(a) Schedule for constant 
actuator force 





Nozzle Finger Angle, @ (deg from horizontal) 











Actuator Stroke (per cent from open position) 


Fig. 35—Schedule curves for finger 
angle vs actuator stroke. 
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a design problem. The project was the design of 
an actuation linkage for the exhaust nozzle of a jet 
engine for aircraft. 

To achieve optimum performance in a jet engine, 
the exit area of the engine exhaust nozzle must be 
varied during flight, as a function of flight condi- 
tions, according to a schedule determined from aero- 
dynamic considerations. This variation can be 
achieved by making the nozzle out of a number of 
articulated fingers, pivoted on the airframe, whose 
free ends can be moved radially inward and outward 
by hydraulic actuators. To make all fingers move in 
unison, the hydraulic actuators drive an actuator ring, 
which moves axially forward and aft, and in turn 
drives the nozzle fingers, Fig. 34. Because of the im- 
portance of minimizing space, weight, and actuator 
power requirements, the design of the actuation 
linkage connecting each nozzle finger to the actuator 
ring presents a challenging kinematic design prob- 
lem. 


Design Requirements: To get the project underway, 
the requirements of the design had to be stated. The 
prime requirements are 


1. Maximum mechanical simplicity. This implies using 
the smallest possible number of links and joints. 

. Minimum volume. The linkage must fit as closely 
as possible into the annular space around the periph- 
ery of the nozzle. 

. Minimum weight of parts. This implies that link 
sizes must be kept to a minimum and that fixed 
pivots should not be located in places where ad- 
ditional substructure is required to support them. 

. Minimum actuator force. The main force which 
the actuator has to overcome is the exhaust gas 
pressure acting on the inside of the nozzle. This 
pressure increases as the nozzle area is decreased. 
Ideally, the actuator force should remain constant 
over the entire stroke. This requires a linkage with 
increasing mechanical advantage to overcome the 
increasing pressure force as the nozzle area is de- 
creased. 

5. Tension stress only in rods joining the hydraulic 
actuators to the actuator ring. Compressive stress 
in these rods was undesirable because of the danger 
of buckling. 

. Minimum gain variation with stroke. Gain is defined 
as the slope of the curve of nozzle finger angle vs 
actuator travel, Fig. 35. The design of the controls 
for the hydraulic actuators is simplified by making 
this slope as nearly uniform as possible throughout 
the actuator stroke. 

. All loads to be transmitted through journal bearings. 
This requirement, imposed because of load and wear 
considerations, eliminates the possibility of using a 
cam mechanism for this design. Cam mechanisms 
have, however, been successfully employed in exhaust 
nozzle actuators for smaller engines. 


Some of the foregoing requirements conflict with 
one another; hence, as in all designs, an optimum 
compromise was sought. 


Choosing a Type of Linkage: The initial step in 
the analysis was to consider Requirement | in con- 
nection with the principle of constraint. Study was 
focused on the actuation linkage for a single finger, 
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since the linkages for all the fingers were identical. 
The finger itself is a crank which rotates about the 
fixed pivot on the engine frame. The actuator ring 
was treated kinematically as a slider, since it had 
only axial motion. Since the linkage had a single 
input motion—the axial motion of the actuator ring 
—it had to have one degree of freedom to transmit 
power from the actuator ring to the nozzle finger. 

Since higher pairs were eliminated by Require- 
ment 7, the simplest possible mechanism was one 
with four links and four lower pairs. With a slider 
as the input and a crank as the output, the only 
possible four-link configuration was the simple slider- 
crank mechanism, Fig. 36. The four links were the 


Actuator 
ere Actuator 
force ring 


Coupler 
Nozzle finger 


Air stream 


& tcatencneet 


Fig. 36—Simplest exhaust-nozzle 
actuation linkage. 





engine frame (fixed), actuator ring (slider), nozzle 
finger (crank), and coupler. In view of Require- 
ment 1, this was the first linkage investigated. 

The next simplest mechanism is one with six links 
and seven lower pairs. Such a mechanism has three 
links, instead of a single coupler, to join the actuator 
ring to the nozzle finger. The five possible configura- 
tions are shown in Fig. 37. These configurations 
were all investigated in turn, after it had been de- 
cided that a four-bar linkage would be inadequate. 

The next simplest mechanism would be one with 
eight links and ten lower pairs. In view of Require- 
ment |, it was decided to limit the investigation to 
four-link and six-link mechanisms. 


Determining Toggle Effect: Requirement 4 strong- 
ly suggested the use of a toggle linkage. But first 
the required mechanical advantage of the linkage 
had to be specified. Let 


F = Required actuator force per flap at a given point in 
stroke, lb 

M = Maximum moment on nozzle finger at a given point 
in stroke, lb-in. 

s = Actuator travel from minimum-area position, in. 

S = Total actuator stroke, in. 

a= Nozzle finger angle (measured from horizontal), 


radians 


Fig. 38 shows M plotted against a. The total area 
under this curve is the work that must be done 
against pressure forces to move the finger from the 
maximum-area to the minimum-area position. This 
is also the work per finger that must be supplied 
by the hydraulic actuator if friction is neglected. At 
this stage in the design, friction is either neglected 


or approximated as a fixed percentage of the actuator 
load; later in the design, it was taken into con- 
sideration by a friction-circle analysis. 

The schedule curve for the desired relation be- 
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Fig. 37—Possible configurations of a six-link mechanism for converting translational to rotary motion. 
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tween s and a@ was derived by the method described 

in Part 2 under Design for Variable Mechanical 

Advantage. For any small motion ds of the actuator 
Fds=Mda 


where friction is neglected. Therefore, 

da 

ds 
and derivative da/ds is the gain of the linkage which 
converts F into M. The total area under the curve 
of F vs s must be equal to the total area under the 
curve of M vs a; that is, 


f vas= f mac 


The average value of F over the total stroke S was 
computed from 


(Farg)S = [ Maa 


The minimum actuator force (optimum-force de- 
sign) was achieved when F was constant and equal 
to Fay, throughout the stroke. This required that 
da/ds be made inversely proportional to M. The 
resulting schedule curve of finger angle vs actua- 
tor stroke is shown in Fig. 35. 

Since M varied by about 3.6 to | over the stroke, 
the requirement of minimum actuator force was not 
strictly compatible with Requirement 6. However, 
when da/ds was limited to a variation of 2 to 1, the 
value of F required to overcome M decreased at the 
open end of the stroke and increased only slightly 
over the remainder of the stroke. Fig. 39 shows the 
ideal actuator force curves for the two cases; namely, 
Fig. 39a, an optin.um force (constant) with no 
limit on variation in da/ds, and Fig. 39b, a minimum 
force when variation in da/ds is limited to 2 to 1. 

The curve of Fig. 39b was adopted for further 
design purposes. The resulting schedule curve of 
finger angle vs actuator stroke is shown as the 
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curve of Fig. 35b. Thus the design problem was 
reduced to the problem of mechanizing this curve 
with the simplest possible linkage. 


Fixing the Slider Stroke: At this point stroke S 
had to be specified. ihis choice was a compromise 
between Requirements 2 and 4, since Fa», was in- 
versely proportional to S. For this design, strokes 
of 6, 8, and 10 in. were considered, and a six- 
inch stroke was used in the final design. 

In this connection, it should be noted that if 
the supply pressure to hydraulic actuators is fixed, 
the required piston area is proportional to Finas. Thus 
the efficiency of utilizing the energy in the 
oil was equal to Fovg/Fmaz- 

The four-link mechanism of Fig. 36 provided the 
required toggle effect, since its mechanical advantage 
increases rapidly as a decreases. However, a velocity 
analysis revealed that over the required 38 deg rota- 
tion of the finger, the toggle effect was too great; the 
gain variation was much larger than 2 to | and 
could not be reduced to a reasonable value in the 
space available, without reducing S to about 2 in., 
which would have made F unreasonably high. 

A second method of investigating the four-bar 
linkage, which proved useful also in investigating 
six-bar linkages, is an overlay method combining 
the principles of rotation and inversion. The six- 
inch actuator stroke is divided into half-inch in- 
tervals, denoted by positions 1 through 13. Then, 
with point A considered fixed, several different points 
C, C’, C”, etc., are considered as possible locations 
for the actuator-ring pivot C. These points are then 
plotted in positions | through 13. The nozzle finger 
AX is then drawn in positions | through 13, using 
values of « obtained from the schedule curve. Then, 
using vellum, a plot is made of the paths of C, C’, 
C”, etc., relative to the nozzle finger AX. This is 
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Fig. 38—Moment on nozzle finger. 
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Fig. 39—Nozzle actuator force. 
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DESIGN 





done by drawing AX on the vellum and then align- 
ing it with AX, on the original sheet and tracing 
through points C,, Ci’, C,”, etc., onto the vellum. 
Next, AB on the vellum is lined up with AX, on 
the original sheet and points C2, C2’, C2”, etc., are 
traced onto the vellum. If one of the points C, C’, 
C”, etc., traces out an arc of a circle on the vellum, 
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Fig. 40—Modified six-link mechanism. 





SSS. 


the center of this circle can be used as the location 
of moving pivot B and radius BC can be used as 
the length of the coupler. In this investigation there 
were several locations of C which had approxi- 
mately circular-arc paths for the desired schedule 
curve, but the centers of these arcs were all far 
below the nozzle finger in the airstream. Since it 
was impossible to locate a moving pivot in the air- 
stream, a four-link mechanism meeting the desired 
schedule curve was impossible. 


Evaluating Six-Link Mechanisms: The next link- 
ages investigated were the six-link mechanisms, Fig. 
37a and 37b, which contain crossed four-bar link- 
ages of the type shown in Fig. 31. They have an 
advantage over the other six-link mechanisms in 
that they have no additional fixed pivot. The 
linkage of Fig. 37a was investigated by kinematic in- 
version, and an attempt was made to match the 
curves of possible paths of C relative to the nozzle 
flap by means of the linkage FGCHJ. 

When this linkage is made symmetrical, C can be 
located to make a circular arc with a radius equal 
to about twice the distance from C to base line 
F]. This located the center of curvature of C in the 
airstream well below the finger, as is desired, but 
the path of point C on link ABC departed from the 
desired path too far at the end of the stroke. The 
forces in the connecting links also became high at 
the ends of the stroke. 

The linkage of Fig. 37b was investigated by kine- 
matic inversion, but this time the paths of possible 
pivot points J] on the finger were plotted relative to 
the actuator ring. It was found that the desired 
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Fig. 41—Final design of actuation linkage. 
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paths were concave downward, whereas paths 
achievable by linkage MLJKN are concave upward. 
Therefore, this linkage could not be used. 

Of the remaining three six-link mechanisms, all 
of which have an additional fixed pivot at Q, the 
mechanism of Fig. 37c was discarded because the 
stresses in a linkage of this type are excessively 
high. When the actuator is closing the nozzle, short 
lever arm RB produces a high tensile force in inter- 
mediate link QR and a high compressive force in 
nozzle finger AB. For the most part, these forces 
simply oppose each other rather than do useful 
work. 

The next basic type studied was the six-link mech- 
anism of Fig. 37d, which consists of a four-link 
slider-crank mechanism CTQ in series with a four- 
link crank mechanism ORBA. By scaling up and 
rotating the four-Inik mechanism QRBA so that OR 
coincides with OT, the simpler mechanism of Fig. 40 
is obtained without any loss in generality of possible 
motions. The design technique used is fairly straight- 
forward. The initial step is to select the input slider- 
crank that will most nearly meet the desired sched- 
uled curve and still stay within the design space 
restriction. This can most easily be done by a series 
of successive graphical approximations. 

By making the input slider-crank approximate 
the desired schedule curve as closely as possible, the 
design of the second four-bar linkage is correspond- 
ingly simplified. By measuring the input-output 
curve of the slider-crank and comparing it with 
the desired over-all schedule curve for the nozzle, the 
schedule curve for the second four-bar linkage can 
be determined. This second four-bar linkage may 
then be designed by a combination of rotation and 
inversion. In general, for this application, three 
precision points give adequate accuracy. 

This type of linkage has the disadvantage that it 
requires a second fixed pivot. This is not a serious 
problem and the design could have been used if it 
proved necessary. In view of subsequent designs, 
however, in which the second fixed pivot could be 
made to coincide with the fixed pivot of the nozzle 
finger, this design type was considered no further. 

The design type that proved to be most suitable 
for this application is illustrated in Fig. 37e. As in 
the case of the design of Fig. 40, this design con- 
sists of a second linkage in series with the input 
slider-crank. In contrast to the design of Fig. 40, 
the output link is driven from a point of the coupler 
of the slider-crank rather than from its output crank. 
This permits the pivot for the nozzle finger to coin- 
cide with that of the slider-crank, eliminating one 
fixed pivot, Fig. 41. 

With slider-crank ARC chosen to match the 
desired schedule curve as nearly as possible within 
the space limitations of the nozzle, and with the 
nozzle finger laid out in its desired sequence of 
positions, the design problem is reduced to the 
problem of locating pivots T and B so that the 
nozzle will come as close as possible to meeting the 
desired schedule curve. This problem is best ap- 
proached by using kinematic inversion to lay out 
the motion of coupler CR relative to the nozzle flap. 

With this inversion, two methods were used to 
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obtain solutions for the locations of T and B. For 
the optimum-actuator-force design, the circle-point 
curve, Part 3, was used to find locations of T for 
four precision points. For the design with gain vari- 
ation limited to 2 to 1, trial points T on the coupler 
were selected. Denoting the two end positions of 
T by T,; and T2, any point on the perpendicular 
bisector of T;T2 would be a possible location of B 
for two precision points. By successive trials, B 
was located as the point on the bisector which 
gave the desired 2-to-1 gain variation. The freedom 
in the location of T was used to optimize the design. 


Final Design: Several alternative designs were 
drawn up using different points T, and the forces 
in the links at several positions were determined 
graphically, first without friction and then with 
friction, using a friction-circle analysis with as- 
sumed values of pin diameters and friction coeffi- 
cients. The design selected, Fig. 41, had a 2-to-l 
gain variation. Its actuator force curves, with and 
without friction, are shown in Fig. 39 for com- 
parison with the theoretical curves. 

In conclusion, the foregoing design project pro- 
vided a final linkage with an estimated reduction 
of 30 per cent in total weight of parts and an esti- 
mated reduction of 40 per cent in maximum actuator 
force as compared with a previous trial-and-error 
design. 
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Converting Curves fo Straight Lines 


In “Converting Curves to Straight Lines,” pp. 178- 
179, Nov. 10, 1960, the charts in Fig. 8 and 10 
should be interchanged. 


They Say... 


“Some people doubt whether the supply of young 
talent will hold out, they say we are scraping the 
bottom of the barrel. I do not agree, I think the 
barrel has a false bottom and there is a lot of good 
stuff still in it.’—Sir Patrick Linstead, Rector of the 
Imperial College of Science and Technology, Lon- 
don, England. 
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Fig. 1—Typical manual starter and rep- 
resentative circuit applications. 
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ONTROLS for single-speed drives are avail- 

able in several basic types of starters. The 

types covered in this article, the second in 
a series on ac motor control, are manual, magnetic, 
combination, and reversing starters. As indicated 
by the term, “across-the-line,” these starters are 
designed to apply full line voltage directly to the 
motor windings. 


Manual Starters: If a control for a simple, small- 
motor application is being considered, the first logical 
choice would be a manual type of starter, Fig. 1. A 
small grinder is an example of the type of job for 
which the manual starter is suited. The motor, 
being small, involves no special operating char- 
acteristics or power supply problems such as heavy 
starting current. Special situations—reversing, multi- 
speeds, duty-cycling, remote control—are not en- 
countered. Also, because of the nature of the ma- 
chine, there is no necessity for frequent starting and 
stopping. 

The manual starter is simply a hand-operated 
contact or switch mechanism that makes and breaks 
the motor electric circuit. A thermal protective de- 
vice included in the starter automatically guards 
the motor against excessive currents, Fig. la and 1b. 
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Fig. 2—Typical vertical-lift magnetic 
starter and cross sections of contactor 


and magnet assembly. 
































Manual starters are used to start, stop, and protect 
small ac motors if the job requires: 


1. Uncomplicated performance. 

2. No remote control. 

3. No undervoltage protection. 

4. Limited or infrequent operation. 
5. Overload protection. 

6. Low-cost control. 


These conditions apply to single-phase motors up 
to 5 hp and to three-phase motors up to 7!/ hp at 
440 v. It is obvious that the manual starter is lim- 
ited in its application. 


Magnetic Starters: The most desirable alternative 
to the manual starter is the magnetic starter, Fig. 2. 
Although the cost is greater, the magnetic starter 
is very flexible in controlling all types of motors 
in many different ways, including provision for 
undervoltage protection. In addition, it is capable 
of withstanding frequent, hard use. 

The design of a magnetic starter is quite simple 
in principle. Like the manual starter, it contains 
a mechanism for opening and closing a set of 
contacts in the motor circuit and a thermal overload 
protective device or devices. However, while the con- 
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Stee! actuating roc 


tact mechanism of a manual starter is actuated by 
an operator, contacts of a magnetic starter are closed 
by an electric signal from some control device such 
as a pushbutton. 

As shown in Fig. 2a and 2b, the mechanism of 
a vertical-lift magnetic starter consists of two sets 
of main contacts (stationary and movable) and a 
magnet structure. The magnet structure includes 
a stationary magnetic core, a coil that fits on the 
core, and an armature. 

When the contactor coil is energized, a magnetic 
flux is established. This flux, concentrated in the 
iron core, draws the armature upward. Since the 
movable contacts are fastened to the armature 
by a rod, they also move upward to the stationary 
contacts and thereby close the circuit to the motor 
through appropriate thermal overload devices. 

When the coil is de-energized, the weight of the 
armature causes it to drop and open the contacts in 
the motor circuit. A slight air gap is maintained 
between magnet core and armature in the closed 
position to prevent residual magnetism from hold- 
ing the armature closed when the coil is de-energized. 

Circuit application of a magnetic starter is illus- 
trated in Fig. 3. Low-voltage release is provided by 
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a maintained-contact pushbutton. When the start 
button is pressed to complete the control circuit, 
the starter coil is energized and closes the main con- 
tacts in the motor circuit. If a low-voltage condition 
occurs in the power supply, the magnetic strength 
of the coil is sufficiently weakened to permit the con- 
tacts to open and stop the motor. When voltage 
returns to the proper value, and since the push- 
button contacts remain closed, the coil again closes 
the main contacts in the power circuit. 

Low-voltage release is an advantage in many 
situations. For example, this feature would permit 
a ventilating blower fan to operate all day without 
attendance except for starting in the morning and 
stopping at night. If supply voltage were subject 
to frequent drops, having to press the start button 
to restart the fan every time would soon become 
a nuisance. 

Most of the time, however, low-voltage release is 
not desirable because it threatens the safety of oper- 
ating personnel. If a machine were to stop because 
of reduced voltage and the operator began to trouble- 
shoot the difficulty without remembering to press the 
stop button, he could be injured if voltage returned 
to normal. To eliminate this danger, another method 
of motor control is provided. 

A momentary-contact pushbutton is used in com- 
bination with a set of normally open auxiliary con- 
tacts in the starter, Fig. 4. When the start push- 
button is pressed, the control circuit is energized 
and causes the main and auxiliary starter contacts 
to close. When the start button is released and 
its contacts open, the auxiliary starter contact, which 
is wired in parallel, continues to maintain the circuit. 
Consequently, the circuit containing the auxiliary 
contact is commonly referred to as a holding circuit. 

Power interruption or reduced voltage will de- 
energize the coil in Fig. 4, thus dropping the con- 
tactor out and opening the holding circuit. When 
power is restored, the motor cannot restart auto- 
matically. The start button must again be pressed. 
The safety feature provided by this arrangement is 
called low-voltage protection and is one of the im- 
portant advantages of magnetic control. 

Flexible control is another feature of the magnetic 
starter. A pushbutton for energizing the starter coil 
can be located any distance from the starter, on 
the motor, or on the driven machinery. Also, use 
of several pushbuttons can provide multiple-location 
operation of the same starter and motor. Instead of 
a pushbutton, a limit switch, relay, timer, or pres- 
sure or float switch could be used to provide auto- 
matic operation in addition to remote control. 


Starters with Disconnect Switch: As previously 
illustrated,! a complete basic motor-control system 
includes: 1. Motor protection. 2. Motor controller. 
3. Branch circuit protection. 4. Branch disconnect 


1See Reference at end of article. 
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Fig. 3—-Circuit diagram of across-the-line mag- 
netic starter and maintained-contact pushbutton 
for providing low-voltage release. 























Fig. 4—Circuit diagram of across-the-line 
starter and momentary-contact pushbutton 
for providing low-voltage protection. 


switch. A starter normally consists of a magnetic 
contactor and an overload relay, thus combining 
items 1 and 2. If a branch disconnect switch is 
added to a basic starter, the entire package is a com- 
bination starter with disconnect switch. If item 
3 is also included, the result is a combination starter 
with fusible disconnect switch. Power circuits of 
these starters are shown schematically in Fig. 5. 
The control circuits, of course, are unaffected. 


Starters with Circuit Breakers: A circuit breaker 
provides both branch circuit protection and branch 
circuit disconnect in a single package as shown in 
Fig. 6. If a predetermined, abnormal current devel- 
ops in the circuit, the device will automatically trip 
without damaging itself and open the circuit. This 
nondestructive feature is its main advantage, for 
it can easily be reset without the nuisance of re- 
placing a fuse. 

Continuous current-carrying ratings of most cir- 
cuit breakers used in combination starters range 
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(a)—Circuit for combination starter 
with disconnect switch. 
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(b)—Circuit for combination start- 
er with fusible disconnect switch. 


Fig. 5—Typical combination starter with fusible 
disconnect switch and circuit diagrams of the 
two basic combination starters. 


from 10 to 800 amp. Interrupting capacities range 
from 7500 to 50,000 amp at 240 v and from 15,000 
to 35,000 amp at 480 v. Circuit breakers are gen- 
erally selected on the basis of a continuous current 
rating that is equal to 115 per cent of full-load 
motor current. 

Ordinarily, each breaker contains two types of 
trip mechanisms. One is the thermal trip which 
has time-lag characteristics to provide protection 
ageinst persistent overloads of comparatively small 
values. The other mechanism provides short-circuit 
protection through an instantaneous magnetic trip 
which opens the circuit instantly in event of high- 
value overcurrent. The magnetic trip device is 
usually adjustable. Thermal trips, however, are 
not adjustable. Thus, if the horsepower rating of 
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Fig. 6—Typical combination starter with circuit 
breaker and a diagram of its circuit application. 
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Fig. 7—Three-pole, double-throw knife switch used for re- 
versing rotation of three-phase squirrel-cage motor. 


the drive is changed, it will be necessary to change 
the trip unit, or, in some cases, to change the breaker 
frame size. 


Three-Phase Reversing Starters: One of the basic 
characteristics of squirrel-cage motors is that the di- 


rection of rotation can be changed by reversing any 
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two incoming power leads. On small motors this can 
be done with a three-pole, double-throw knife 
switch, Fig. 7. The third pole is used for disconnect- 
ing purposes only. 

Reversing motor rotation can also be accomplished 
with a standard starter and a standard contactor 
which have proper electrical and mechanical inter- 
locking, Fig. 8. The interlocking feature prevents 
both sets of contacts from being closed at the same 
time—even for an instant—so that there is no 
possibility of short circuits. 

A system of double electrical interlocking is pro- 
vided in the control circuit of Fig. 8 by: 


1. Mormally open and normally closed circuits of push- 
buttons for forward and reverse, respectively. 


Reverse , 


Forward \ 
contactor 


contactor 


Mechanical 
interlock 


Thermal 
overload 
relays 





Fig. 8—Typical reversing starter with double electrical inter- 
locking and diagram of its circuit application. 


138 


2. Normally closed auxiliary contacts, Re and Fe, on the 
main contactors. 


When the forward button is pressed, forward con- 
tactor coil F is energized through the stop button, 
upper contacts of the reverse button, and normally 
closed contact Ret of the reversing contactor. The 
three main contacts of the forward contactor close 
to energize the motor. Coil F is kept energized, when 
the forward button is released, by holding-circuit 
contact F,. 

If the reverse button in Fig. 8 is pushed, the 
forward circuit opens through the normally closed 
contacts of the reverse pushbutton. The forward 
contactor coil is de-energized, the forward contacts 
in the motor circuit open, auxiliary contact F, in 
the forward holding circuit opens, and normally 
closed auxiliary contact F, in the reverse circuit 
closes. The reversing circuit is thus completed 
through the momentarily closed lower contacts of 
the reverse button, the lower contacts of the forward 
button, and auxiliary contact F,. Reverse contactor 
coil R is energized, and reverse contacts in the motor 
circuit are closed. Auxiliary contact R2 opens in the 
forward circuit for added safety. The reverse con- 
tactor is kept energized by contact R; in the holding 
circuit until either the forward button or stop button 
is pushed. 

In addition to electrical safeguards, usual practice 
is to provide a mechanical interlock which positive- 
ly prevents one contactor from closing before the 
other is open. This interlock is indicated in the 
photo in Fig. 8. Also note that only one pair of 
overloads is used on a reversing starter. ; 

EtectricaL Braxinc: A standard across-the-line 
reversing starter can also be used for quickly stop- 
ping an electric motor. With the motor running 
forward, the operator presses the reverse button. At 


+Subscripts are used here to facilitate circuit tracing but normal- 
ly are not used in commercial schematics. 


Motor running 
| forward on 
reverse power 


/ Motor 
running 
forward 








Forward Speed (per cent of rated) 


200 250 
Torque ( per cent of full load) 


0 50 100 150 


Fig. 9—Typical speed-torque curve for squir- 
rel-cage motor during plugging. 
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the instant the motor reaches zero speed, the oper- 
ator shuts off the power with the stop button. This 

OL action is called “plug stopping.” 
oF aeeameoaemeee Plug stopping is simple, inexpensive, and espe- 
cially useful for such operations as lathe-turning, 
L2 7 where it doesn’t matter if the motor makes a few 
be reverse rotations before power is cut. However, if 
OL the nature of the machine or job prohibits the pos- 
LS 1-26 sibility of any reverse rotations, a zero-speed switch 
can be mounted on the motor shaft to assure power 
oo | oo a cut-off at zero speed. Sometimes, torque developed 
ices { during plugging may be too high and series primary 
pon resistance, in the form of “plugging resistors,” is re- 
quired to limit torque to a proper value. Fig. 9 














Fig. 10—Simple power circuit for dynamic 
braking of a squirrel-cage motor. 
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Fig. 11—Starter-control circuit for special application of dynamic braking to squirrel-cage motor. 
Main timer contact provides time delay upon de-energization of the timer coil. 
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Fig. 12—Speed-torque curves for dynamic braking of typical squirrel-cage motor. 
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shows a typical speed-torque curve during plugging. 

The main disadvantage of plug stopping is power- 
line disturbance, especially by larger drives. When 
this presents a problem, another practical method 
that is frequently used for quickly stopping a squir- 
rel-cage motor is dc dynamic braking. 

The general principle of dynamic braking is to 
make the drive motor function as a heavily loaded 
generator by cutting off ac power and applying dc 
across one stator winding. Principal requirements 
are a de source capable of supplying about two or 
three times full-load current and a two-pole con- 
tactor to switch the de in as soon as the main 
contactor cuts off ac power. Resistors are generally 
included in the de power line to limit braking force. 
A timer drops out the dc contactor after the drive 
has come to rest. Fig. 10 shows how a simple power 
circuit could be wired. 

A complete but slightly more complicated dy- 
namic-braking schematic is shown in Fig. 11. When 
the start button is pressed, M contactor is energized 
and closes its contacts, starting the motor. Closing 
of auxiliary contact M; energizes the timer coil, 
which closes the timer’s instantaneous auxiliary con- 
tact, T;, in the holding circuit for coils M and T. 
The timer’s normally open delay contact closes in- 
stantly as the timer coil is energized. However, 
normally closed auxiliary contact Mz has opened to 
prevent energizing of braking contactor B. 

The motor in Fig. 11 continues to run until the 
stop button is pressed. Then, M contactor and the 
timer are de-energized, thus cutting ac power to 
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Fig. 13—-Speed-torque curve for regenerative 
braking of typical squirrel-cage motor. 


the motor. Contact Mz returns to closed position 
and energizes coil B. The dynamic braking circuit 
is then closed through the B contacts and applies 
de to the motor. De is applied only until the timer 
setting permits the delay contact to return to its 
normally open position, 

Although dynamic braking is somewhat more ex- 
pensive than the simple reversing action of plugging, 
it does not affect line current because the drive is 
completely disconnected from the power supply 
during the braking operation. Also, it produces high 
maximum torque with low losses, while high losses 
are incurred during plugging. Torque obtained from 
normal-slip motors falls off rapidly at high speeds. 
For a given value of dc, high-slip motors produce 
a much greater average braking torque than normal- 
slip motors. Rapid stops require high dc exciting 
current—dc equivalent to two or three times full-load 
current, or more, may be needed for extra-fast stop- 
ping. A typical dynamic-braking graph is shown 
in Fig. 12. 

When induction motors are driven above syn- 
chronous speeds, they tend electrically to check or 
brake themselves through an inherent characteristic 
known as regenerative braking. Under these con- 
ditions, the motor acts as an induction generator. Re- 
tarding torque of a motor driven above synchronous 
speed is great, but losses are low. Braking from 
twice synchronous speed to synchronous speed re- 
sulis in losses about equal to starting losses. 

A speed-torque curve for regenerative braking 
is shown in Fig. 13. The braking curve is similar 
to the motoring curve except that maximum torque 
is even greater during braking. In fact, maximum 
torque may be as much as 50 per cent greater but 
normally is only a few per cent higher. Regen- 
erative braking is useful for limiting the speed of 
overhauling loads or for positive slowdown from 
high speed to low speed on multispeed motors. 


Next article in this series will cover reduced vol- 
tage starting and starting of part-winding motors. 


REFERENCE 
This article is the second in a series by J. Ronald Wickey 
and Arthur S. Newman Jr. on ac motor control. Previous 
article and issue of Macuine Desicn in which it appeared are: 
1. Squirrel-Cage Motors ..............++++e+++++-December 22, 1960 


They say... 


First, looked at from the point of view of the in- 
dividual, it [engineering] is a wonderful means of 
education, which ranges from difficult mathematics 
to a practical knowledge of men and affairs. Sec- 
ondly from the point of view of the country, a good 
engineer is a firstclass national asset and the money 
spent on his education is money weil spent. And 
finally from the point of view of the world, we all 
know that there is building up a great demand 
for technical help and technical leadership in the 
underdeveloped countries.” — Sir Patrick Linstead, 
Rector of the Imperial College of Science and Tech- 
nology, London, England. 
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design in action 





Magnetic Pickoff Reads Rack Progress 
Without Physical Contact 


Ce Ae eR 


End-switch stop 


Pulse 
generators 

















Amplifier 











Flip-flop 
units 


i 

















Decimal 
indication 











PULSE GENERATORS SCAN magnet heads in a re- BINARY SIGNAL IS TRANSLATED into a decimal number for 
volving disc to indicate position of the stop plate display in the decimal indicator. Ten tiny projectors focus 
on an industrial shearing installation. A small digits on the display screen. Stop-plate position sensing 
gear, mounted on the stop plate body, is turned system was developed by Siemens & Halske AG, Munich, 
by engagement with a rack as the stop plate is Germany. 

moved forward or back to position it for a cut. 

Mounted with the gear is a disc on whose outer | Projecting lamps 

circumference are mounted 80 permanent magnets 7, Ae 

with alternating north and south poles pointed 

radially outward. The pulse generators are so 

mounted that their signals are 90 degrees out of 

phase. The resulting signal train, gives an un- 

ambiguous indication not only of distance, but 

direction of travel. Cumulative error is cancelled 

each time the plate passes the end switch which 

closes a circuit to bring the counter to a precalcu- Display screen 

lated distance mark. Decimal Indicator 


January 5, 1961 





design im actiom 





Film Tension Turns Off House Lights 


AUTOMATIC THREADING in a 
movie camera not only passes the 
film through the loop-forming path 
without the help of human hands, 
but catches it on the takeup reel, 
and trips a limit switch to shut-off 
house lights and start projection. 
Natural curl of the film as it leaves 
the projector starts it around the 
takeup reel. When a_s sprocket 
catches it, the tug deflects the film 
roller. A limit switch is tripped 
by the roller to shut off lights and 
turn on the projector lamp. 


Fijm roller 


SPECIAL DUAL-FILAMENT projection 
lamp has high-low settings for large 
or small rooms. A knob on the 





control panel selects the lighting 
level desired. 


Reflector 














Sprockets 


























he 


Pins 
Locating key 


MacuHinE Desicn 





And Starts Projection Automatically 


REMOTE CONTROL PERMITS operator to 
show stills, reverse, or shut-off projection 
from a comfortable spectator seat. Cord Focusing knob, 
retracts on a spring reel, and remote \ 
control unit stores compactly in a cubby- 

hole in the bottom of the projector's busi- 

ness end. The blower operates on its Film 

own motor, therefore cooling is indepen- eS 
dent of whether film is stopped, advanc- 

ing, or reversed. Air taken in at the lug for 

blower is blown over the lamp and exits ‘house fights 
through vanes in the lamp housing. 


QUICK REPAIRS CAN BE MADE with the 
built-in splicer. Power cord retracts into 
the housing for compact storage. Dual/ 
Lectric 8-mm movie projector with com- 
pletely automatic threading is a product 
of Bell & Howell, Chicago, Ill. 
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Leak Test Table Uses Ball Valves 


BALL VALVES ELIMINATE com- 
plex linkages and multiplicity of 
solenoids used with plunger- 
type valves in leak test tables. 
A handle on the operating lever 
puts the entire testing sequence 


Air release i, into operation. Moving the op- 
valve ; 


Load Position 


Sample being rough pumped 


erating lever closes the air- 
release valve and opens a test- 
port valve. After the sample is 
exhausted by the rough pump, 
a pressure signal actuates a 
small solenoid to release the 
latch holding the follower link. 
Simultaneously, the pump valve 
is closed and the detector valve 
opened. In case of breakage 
or accidental removal of the 
specimen, rapid pressure rise in 
the detector triggers a solenoid 
to release the operating link 
and allow all valves to return 


Operating lever 





to load position, thus protecting 
Test Position A the sensitive detector. 


Sample connected to 
leak detector 


To leak ~—? | 


) To rough pump 7 


iN OPERATION, helium gas is re- 
leased around the evacuated 
sample. Leak detector is a 
mass spectrometer which detects 
helium that enters through the 
leak. Output instrument indi- 
cates size of leak and, if it is 
above a predetermined level, a 
red light will flash on the instru- 
ment panel. Leak test table was 
developed by General Electric, 
Schenectady, New York. 
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To Simplify Design 


Spring Assembly 


Test Position B 


Sample connected to 
leak detector 


To leak detector 


January 5, 1961 














Operating lever latch 


LEVER SPRINGS ARE HOUSED in 
one unit. Spring for the follow- 
er unit is anchored to the same 
housing as the spring for the 
operating lever. Emergency re- 
turn of this linkage is very fast, 
since torque of the two springs 
do not oppose each other. 


fHelium probe 
| 


Specimen 

































































Tension Regulator Range Is Adjusted 
By Changing Effective Spring Rate 


SCALE OF READING IS CHANGED 
sion regulating 


in a ten- 
system by adjusting the 
effective length of a beam spring with a sliding 
block. 


sion sensor to the electric-motor drive system 


Direct feedback of signals from web-ten- 


gives immediate response to sensed tension ir- 


Flexure “ 


Tore weight Td 


regularity. The drive consists of one or more 


adjustable-speed dc motors. Tension is sensed 
by electronically read spring scales. Deflection 
of scale platform moves a core in the differential 


transformer. The resulting output indicates direc- 


tion of deflection by phase of its signal. 





.! 


or eg) 











Vertical link ™ 


Beam spri 
o @ spring 
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WEB TRANSMITS tension _in- 
formation for its section di- 
rectly to the transducer mak- 
ing unnecessary any form of 
storage loop. Tare-weight 
adjustment and zero adjust- 
ment are set to center the 
platform in the deflection 
range and provide ‘'no out- 
put” signal at optimum web- 
tension conditions. The force 
produced by 


Hydro-Pneu-Tronics, 


transducer is 
Cleve- 
land. The tension-regulating 
drive system in which it is 
used is a product of Reliance 
Electric and Engineering Co., 
Cleveland. 








Macuine Desicn 





Fig. 1— An application 
of a twin-head capstan. 
Its particular purpose is 
to reel in line under load 
and store it under re- 
duced tension. 


Design details and working equations for 


A TWIN-HEAD CAPSTAN 


. a Classic tension multiplier redesigned to assure 
continuous, jerk-free take-up of a line 


J. H. HENSON 


Systems Development Specialist 
Defense Research Laboratory 


University of Texas 
Austin, Texas 


HE traditional shape of the capstan has gone 
almost unaltered for centuries. However, this 
very shape results in the capstan’s greatest 

disadvantage. The concave face, though effective in 
preventing a line from working itself off the capstan, 
still allows some axial crawling due to a helical 
effect. Periodically, the line suddenly slides back 
to the drum center, causing an intermittent jerk. 
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A modified capstan drive, which eliminates this 
condition and insures a smooth take-up, features a 
pair of grooved drive pulleys, instead of the tradi- 
tional single concave driver, Fig. 1. 

The arrangement of the drive pulleys and take- 
up reel is shown in Fig. 2. The two pulleys, with 
the take-up line threaded as shown, are driven in 
the same direction and at the same speed. The slid- 





TWIN-HEAD CAPSTAN 





Fig. 3—Right—Efficiency of 
capstan drive. 


Ratio of Line to Pulley Velocity, V, /Vp 





Ratio of initial to final = 
tension, T,/T,= “ny, 
7 


LS 





Fig. 4 — Below — Measured 
values of T,/T, as a func- 
tion of 6, where T,=25 Ib, 
V,=0.88 fps, V,;=0.71 fps. 


I, 


/ 


of Initial to Final Tension, 7; / 


T10 








Angle of Contact, @ (rad) 


ing-friction force between the line and the pulleys 
results in a ratio of T;/T; greater than one. The 
line is stored at tension T,, and V; is always less 
than V,. 

The amplification ratio is 

T; 


—e = One 
7” 
ad 


148 


60 
Efficiency (per cent) 


For a given coefficient of friction this ratio can be 
changed by simply varying the angle of contact. 

If mechanical parts are considered 100 per cent 
efficient, the efficiency of the modified capstan, in- 
cluding the take-up force, is given by 


100 T; V; 

7 (Ti — T)Vp + 7) Vi 
It is important to keep ratio V;/V, near unity. If 
V, is zero, all the energy is dissipated in the form 
of frictional heating of the pulleys. A plot of Equa- 
tion 2 is given in Fig. 3. 

In the mechanism shown in Fig. | the drive pul- 
leys are hardened, polished steel. The take-up reel 
is driven through an appropriate gear ratio by the 
same motor that drives the pulleys. Although this 
arrangement produces a variation in V,/V, as the 
effective diameter of the take-up reel changes, the 
variation is small enough to be tolerated in this case. 
A slip clutch is provided in the take-up reel drive 
to prevent breakage of the line if T; becomes too 
high. During line feed-out, the drive pulleys and 
take-up reel are disconnected from the motor. 

Fig. 4 shows experimental points plotted for a 
constant V;/V,. Angle @ was varied in increments 
of 27, the maximum for this particular device being 
87. A 25-lb weight was used for T;, and T, was 
measured by a small spring scale placed in the low- 
tension side. The coefficient of friction between the 
line and the drive pulleys was determined from 
Equation | rearranged as in Fig. 4. 

The capstan drive described here has performed 
quite well through several half-hour tests. Line life 
was checked by making 25 passes over the pulleys 
with V,;/V, = 0.75. No line wear was apparent 
after these tests, although lower values of V;/V, 
will no doubt cause more rapid wear. 


(2) 
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Rotor blade of three different metals is bonded together with 
heat-cured adhesive film. Bonded construction improves vibra- 
tion resistance over riveted blade and increases blade life. 


E. F. HESS 

Product Manager 

Adhesives, Coatings and Sealers Div. 
Minnesota Mining & Mfg. Co. 

St. Paul, Minn. 


High-Strength Structural 
Ad hesive 4% 


Brass 


Stainless steel 


Aluminum extrusions 


ed] Aluminum 


. .. properties of some of today’s major 


MONG the general-purpose structural ad- 
hesives, the elastomeric phenolics and mod- 
ified epoxies have assumed a dominant posi- 
tion. Although both are high-strength adhesives, 
properties and application methods of each type 
differ and must be matched to the job requirements. 

Among the most important selection considera- 
tions are the adhesive-strength requirements (peel, 
shear, tensile, and cleavage) for an application. 
The adhesive must also have the ability to with- 
stand weathering, moisture, chemicals, temperature 
differences, or fatigue as required by the application. 
It must be capable of adequately wetting the sur- 
faces to be bonded, in addition to having the re- 
quired adhesion to those surfaces. 

The joint should be designed to take full ad- 
vantage of the adhesive’s properties. Adhesives sel- 
dom display the best properties when substituted 
directly for other fastenings. 

Finally, available facilities to produce bonds of 
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structural-bonding materials 


desired strength and performance levels must be 
considered. 


Elastomeric-Phenolic Adhesives 


Thermosetting films of the elastomeric-phenolic 
type are made in continuous form in thicknesses 
from 0.003 to 0.010 in. The film is rolled on a non- 
adhering liner and remains stable for long periods 
when properly stored. 

Film adhesives provide uniform adhesive thick- 
ness throughout the joint and controlled confinement 
of adhesive to the immediate bonding area. Appli- 
cation and curing procedures are simple, since film 
adhesives do not contain solvents. 

Film-type adhesives offer the best compromise of 
shear strength, peel strength, shock, and fatigue re- 
sistance. They adhere well to metals and plastics 
and offer flexibility, impact strength, and vibration 
absorption. 





HIGH-STRENGTH STRUCTURAL ADHESIVES 





Three-part pump assembly, 
bonded with modified- 
epoxy adhesive, includes 
a thin stainless-steel wear 
plate, center, to resist thrust 
of pump rotor. 


Some film adhesives can be used for high-strength 
bonding applications at temperatures as low as 
~ 80 F; others can withstand moderate stress at 600 F 
for short periods, 

Thermosetting adhesives require both heat and 
pressure to produce the bond. Pressure is needed to 
bring the metal parts into contact and to contain 
volatile byproducts given off during the curing re- 


action. If pressure is not maintained during the cure, 
the vapors cause a porous bond. 

Bonding pressure should be applied uniformly 
before the temperature of the bond line reaches 
180 F. This pressure causes the adhesive to flow, to 
wet the surfaces, and to fill small mismatched areas. 
A bonding pressure of 25 to 150 psi is required, de- 
pending on the rate of heat input to the bond line, 


Table 1—Properties of Elastomeric-Phenolic Film Adhesives 


Overiap Shear Strength? (psi) —— 
at Various Temperatures 
1%F 180F 300F 400F 


Peel Strength 
at 75 FS 
(ib/in. of width) 


Remarks 





3040 1750 700 470 


4180 2200 1800 620 


3800 2800 2100 


3200 2000 900 


Exceeds MIL-A-5090D, Type 1 requirements. Available 
in 3, 6 and 10-mil thicknesses. 


75-80 Exceeds MIL-A-5090D requirements. 
bonds are also possible. 


55-60 Exceeds MIL-A-5090D, Type 2 requirements. Available 
in 3 and 10-mil thicknesses. 


Exceeds MIL-A-5090D, Type 1 requirements. Has 
excellent flexibility and resistance to shock. Available 
in 3 and 10-mil thicknesses. 


95-100 


Low-pressure 


105-110 





*Designations of adhesives are arbitrary. 
§Climbing-drum peel 


tTested per MIL-A-5090D specification, 
test, per MIL-A25463 specification. 


Table 2—Properties of One-Part Heat-Curing Modified-Epoxy Adhesives 


Shear Strength? (psi) —— 


at 75 F8 
(ib/in. of width) 


Peel Strength 


Remarks 





E 200 


F 300 
Ga 2475 300 


8-10 General-purpose adhesive. Meets MIL-A-8623A, Type 
IIL requirements. 


3-5 Exceeds MIL-A-5090D, Type 2 requirements. 
3-5 Paste form of adhesive F. 





*Designations of adhesives are arbitrary. 


tTested per MIL-A-5090D specification. 


§Climbing-drum peel test, per MIL-A25463 specification. 
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Advantages of Adhesive Joints 
Because adhesives form continuous bonds, stress 
loads are distributed over the entire joined area. 

@ Sealing and bonding are done in a single operation. 
© Fatigue stress in metal parts is reduced because the 
flexible bond damps or absorbs vibration. 
Adhesives act as continuous barriers between dissimi- 
lar metals. 
Adhesive-bonded joints have no gaps, bulges, external 
projections, or surface mars. 
Because drilling or countersinking of parts is un- 
necessary, structural soundness is not impaired. 


Table 3—Curing Cycles for 
One-Part Modified-Epoxy Adhesives 


Curing Time 
(min) 





Temperature of 

Bond Line (F) 
350 40-60 
400 15-20 
450 6-12 
500 1-2 








Metal clips for attachmenis 
and mountings are bonded 
to inside of polyester fiber- 
glass cover for Thermo-fax 
copying machine with two- 
part RT-curing modified 
epoxy adhesive. 


composition of the adhesive, and thickness of the 
metals being joined. 

The gradual application of heat produces many 
changes in elastomeric-phenolic film adhesives: 1. 
Between 160 and 180F the surface becomes tacky, 
and the film can be heat-tacked in place on the 
adherend prior to bonding. 2. Between 180 and 
210 F the adhesive becomes thermoplastic and wets 
the adherend. 3. Between 220 and 250 F the cross- 
linking or polymerization reaction begins. 4. At 
300 F polymerization is 90 per cent complete. 5. Be- 
tween 325 and 350F polymerization is completed 
and toughness is developed. 

For adhesives A through D, Table 1, maximum 
strength is obtained with a l-hr cure at 350 F under 
100 to 150 psi pressure. However, bond shear 
strength in excess of 2500 psi can be achieved with 
a cure time as low as 2 to 3 minutes at 400 to 450 F. 


Modified-Epoxy Adhesives 


Available in a two-part, room-temperature-curing 
type (RT), and a one-part heat-curing type, modi- 
fied-epoxy adhesives offer high strength, resistance 


Table 4—Properties of Two-Part RT-Curing Modified-Epoxy Adhesives 


— Overlap Shear Strength? (psi) — 
at Various Temperatures 
—67 F 13 F 130 F 


5 F 
Adhesive* 


at 76 FS 
300 F (ib/in. of width) (min) 


Peel Strencth Work Life 


at 73.5 F 
Remarks 





H 1500 2800 700 _ 3-5 
I 900 1600 2400 
a 1400 2300 800 


K 1500 800 200 


L 1400 3000 800 150 4-5 


pt.) General-purpose adhesive. consis- 


. Syrupy 
tency. Bonds glass, , and ceramics. 


120 Genera)l-purpose adhesive. Syrupy consis- 
tency. Bonds glass, metals, and ceramics. 

45 Nonsagging mastic-type adhesive. Can be 
sanded, machined, or painted. 

45 Has excellent shock resistance. Two parts 
are of differemt colors for easy visual 
determination of mix. 


45 General-purpose aluminum-filled adhesive. 





*Designations of adhesives are arbitrary. 
§Climbing-drum peel test, per MIL-A-25463 specification. 
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tTested per MIL-A-5090D specification. 





HIGH-STRENGTH STRUCTURAL ADHESIVES 


Adhesive-bonded honeycomb structure 
with one facing removed, right, illus- 
trates self-filleting properties of one- 
part modified-epoxy adhesive. Un- 
coated honeycomb core is shown at left. 


t~ creep under constant stress, and exceptional ad- 
hesion to most surfaces, 

Modified-epoxy adhesives are self-filleting and are 
used in honeycomb-sandwich construction. Because 
no gaseous byproducts are given off during the 
curing cycle, they are excellent choices for bonding 
impervious surfaces. Since the consistency of modi- 
fied-epoxy adhesives is about that of paste, they 
have fair void-filling properties and can be used for 
structural joining of loosely fitting parts. These 
adhesives require only contact pressure during the 
cure. 


One-Component Adhesives: Single - component 
modified epoxy resin adhesives, Table 2, contain a 
latent hardener that is activated by the temperature 
of the curing cycle, This type of adhesive has an 
unlimited working life, unlike the two-component 
type. Although the recommended curing cycle is | 
hr at 350 F, exposure to higher temperatures can 
reduce curing time considerably, Table 3. 


Two-Component Adhesives: Two-component modi- 
fied epoxy adhesives, Table 4, consist of a base resin 
and a separate liquid catalyst or curing agent. The 
two materials are mixed immediately prior to their 
use. As soon as the components are mixed, the cur- 


Table 5—Environmental Resistance of Adhesives* 





"Environment 4 : Adhesive 


Resistancet 
Tap Water, 80 F A through G Excellent 
Hi through L Fair 
Salt Spray, 20 
per cent, 105 F A through G Excellent 
H through L Poor 
Hydraulic Oil A through L Excellent 
Aromatic Fuels A through L Excellent 


Dry Heat, 192 hr A through G Excellent 
at 300 F H, I Poor 
J through L 


*Arbitrary designations of adhesives are the same as those used 
in Tables 1, 2, and 4. Tests are in accordance with MIL-A-5090D, 
Type 2 specifications. 

+Excelient — over 90 per cent of original strength; Good = 75-90 
per cent; Fair — 50-75 per cent; Poor — under 50 per cent. 
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Section through a bonded honeycomb-sandwich 
panel shows how a composite film provides a 
sturdy bond to the core and facing. This type of film 
affords the best combination of peel and beam 
strength for honeycomb-sandwich construction. 


ing reaction begins, slowly at first, then more rapid- 
ly. Heat accelerates the cure, and since the chemical 
reaction is exothermic (produces heat), the tem- 
perature must be kept relatively low by limiting 
the size of the mixed batch, by cooling it artificially, 
or by spreading it on a flat surface to dissipate the 
heat. These methods prolong the working life of 
the mixture considerably. 

Two-component modified-epoxy systems cure at 
room temperature in about 7 days. They are used 
for bonding in applications where facilities for heat 
or pressure are not available. Curing can be acceler- 
ated, however, by heating the assembly in an oven, 
under infrared lamps, or with dielectric or induction 
heating apparatus. 


Composite Film Adhesives 


Supported composite adhesive films have a high- 
strength, peel-resistant adhesive film on one surface 
and a self-filleting adhesive film on the other. These 
films provide high peel strength and beam-shear 
strength for applications of honeycomb-sandwich 
construction. The peel-resistant adhesive (elastomeric 
phenolic) bonds to the facing, and the self-filleting 
adhesive (modified epoxy) bonds to the core of the 
honeycomb-sandwich panel. This arrangement pro- 
vides high strength properties at service tempera- 
tures from — 70 to 250 F. 

Aluminum honeycomb-sandwich panels of this 
construction have beam-flexure strengths of 1580, 
1530, and 1385 psi at temperatures of —67, +80, 
and +180F respectively when tested per MIL-C- 
7438B specification. Peel strengths (climbing-drum 
method) of these panels are 18, 24, and 21 lb per 
in. of width at the same test temperatures. 

Because composite film adhesives do not require 
priming of the honeycomb-sandwich core, weight of 
finished panels is kept to a minimum. For the same 
reason, fabrication costs of this type of construction 
are attractive. 
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Charts for determining 


Hole-Position Tolerances 


in fastener assemblies 


DONALD J. BUCHMAN 
Large Jet Engine Dept. 
Flight Propulsion Div. 

General Electric Co. 
Evendale, Ohio 


RUE-POSITION dimensioning provides a 

simple, direct method for controlling the 

location of fastener clearance holes to essure 
interchangeability of parts. In this system of di- 
mensioning, the theoretically exact location or true 
position of the hole center is established from a 
datum and a tolerance zone is assigned to define 
the permissible limits of position variation. This 
tolerance specification is governed by hole size, 
fastener size, and type of fastener assembly. Basic 
principles of the true-position system of dimensioning 
and tolerancing are detailed in American Standard 
ASA Y14.5, SAE Aero-Space Drafting Manual, and 
government standard MIL-STD-8. 

This article presents two charts, Fig. 1 and 2, for 
quickly determining true-position tolerances for 
drilled clearance holes in interchangeable parts 
which are to be assembled with standard fasteners. 
The charts are based on preferred drill sizes and 
hole-size tolerances given in Section Y1.01 of the 
SAE Aero-Space Drafting Manual. ‘These tolerances 
are generally accepted as good practice. Range of 
the charts has been selected to cover preferred clear- 
ance hole diameters and corresponding position 
tolerances for the most widely used screw-thread 
sizes, from No. 8 (0.164) through 5% (0.625) in. 


Chart Construction: The fixed-fastener chart, 
Fig. 1, covers the use of studs, cap screws, machine 
screws, and similar fastening elements in assem- 
blies where the fastener is fixed with respect to one 
of the parts being fastened. This chart solves the 
relationship 


<2 Amin — F 


where Z = true-position tolerance, expressed as a 
radius, for all holes located in mating parts; Hing = 
minimum clearance-hole diameter; F = maximum 
diameter of fastener. 
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and FRANK H. SMITH 
University of Michigan 
Ann Arbor, Mich. 


The floating fastener chart, Fig. 2, covers through- 
bolt and similar assemblies where all of the parts 
being fastened have clearance holes. This chart solves 
the relationship 
Amin — F 

2 


si= 


Inclined drill-size lines on the charts correspond 
to maximum material condition (minimum hole size) 
for the preferred drill sizes. Drilled-hole tolerances 
for these drill sizes are given in Table 1. If required, 


Table 1—Drilled-Hole Tolerances 


Hole-Size Tolerance 
(in.) 





Nominal Drill Size 





0.0135 (No. 80) - 0.185 (No. 13) 40.003 
— 0.002 

0.1875 - 0.246 (D) +0.004 
0.002 

+ 0.005 
— 0.002 


0.250 - 0.750 


other clearance-hole lines can be added to the chart 
by interpolation, based on these conditions. 

Value of the position tolerance is read directly 
from the charts at the intersection of the drill-size 
and the fastener-size lines. These tolerance values 
are expressed in terms of a radius of true position at 
maximum material condition. 


Practical Example: A 1/4-in. cap screw is to be 
used to assemble a part with a clearance hole to 
another part with a tapped hole. The clearance 
hole will be produced with a standard 0.2720 in. 
(Size I) drill. Find the true-position tolerance. 

In the fixed-fastener chart, Fig. 1, find the in- 
tersection of the 0.2720-in. drill-size line with the 
0.250-in. fastener-size line. Corresponding position 
tolerance is 0.005 in. or, in more exact form, 0.005- 
in. radius of true position at maximum material con- 
dition. This tolerance applies to the location of both 
tapped and clearance holes. 
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Fig. 1—True-position tolerance chart for fixed-fastener assemblies. Tolerance values are expressed as 
a radius of true position at maximum material condition. Circled point is solution for example. 
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HOLE-POSITION TOLERANCES 





Position Tolerance, Z (in.) 
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Fig. 2—True-position tolerance chart for floating-fastener assemblies. Tolerance values 
are expressed as a radius of true position at maximum material condition. 
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N the design of mechanisms which 


use molded friction materials, lit- 
tle more than a nominal value for 
the coefficient of friction is usually 
available. There are many cases 
where variation of the coefficient of 
friction with load, velocity, temper- 
ature, and surface conditions must 
be known, ‘This article presents 
the results of a study which was 
undertaken to furnish design data 
for molded friction materials, and 
to provide an explanation for the 
frictional phenomena reflected by 
these data. 


Friction Theories: The classic 
theory of friction states that the co- 
efficient of friction between two ma- 
terials is independent of the normal 
load between the two materials, and 
the area of contact between the two 
materials. 

A second theory of friction at- 
tempts to explain frictional phenom- 
ena on a molecular adhesion basis. 
Here, the frictional force is attribut- 
ed to the interaction of molecular 
forces at the intersurfaces of the two 
mating materials. 

A third explanation of frictional 
phenomena is the asperity theory of 
friction. Here it is supposed that the 
frictional force arises from an inter- 
locking of microscopic surface as- 
perities. 

The presence of contaminating 
films between the mating surfaces is 
generally accepted in the field. These 
films may be due to dirt between 
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Dynamic characteristics of 


Molded Friction Materials 


M. J. RABINS 
Assistant Professor of Mechanical 
Engineering 
New York University, New York, N. Y. 


R. J. HARKER 


Professor of Mechanical Engineering 
University of Wisconsin 
Madison, Wis. 
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Fig. 1—Effect of relative velocity on co- 
efficient of friction for three materials 
under typical loading. Data are for test 
specimens rubbing on uncleaned steel 
drum. 
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Fig. 2—Effect of normal load on coeffi- 
cient of friction for three materials. Data 
are for test specimens rubbing on un- 
cleaned steel drum at 0.655 fps. 


the mating surfaces, lubricants 
placed there intentionally or unin- 
tentionally, atmospheric conditions, 
and, most important, deposits of the 
softer material on the harder. 


Results and Conclusions: Results 
of the present investigation are given 
in Fig. 1, 2, and 3. 

Data presented were obtained 
from tests of three separate mate- 
rials, identified as A, B, and C, each 
made by a different manufacturer. 
All these materials had roughly the 
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same composition: Approximately 50 
per cent (by volume) asbestos fiber, 
25 per cent resin, and 25 per cent 
friction modifiers. For each material, 
data were taken over a loading range 
of from 2 to 80 lb and for drum 
speeds of 50, 100, and 300 rpm. At 
each operating condition, a mini- 
mum of ten separate readings was re- 
corded and the average value used. 
All materials had an apparent bear- 
ing surface of 4% by % in., where 
the latter dimension is measured 
along the circumference of the drum. 
Conclusions are: 


1. The coefficient of friction of 
the molded friction materials tested 
decreases with increasing load, W. 
It is thus apparent that these ma- 
terials do not conform to the classic 
law. 

The results could be explained by 
a nonlinear relationship between the 
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Fig. 3—Effect of normal load on coeffi- 
cient of friction for specimens of the 
same material rubbing on uncleaned and 
cleaned drums of steel, cast iron, and 
aluminum at 0.655 fps. 


applied load W and the projected 
real frontal area of contact Ay; be- 
tween mating asperities. This would 
assume a relationship of Ay; versus 
W. Then an increase in W at light 
loads would cause a larger increase 
in A; than a corresponding increase 
in W at heavy loads. Such a possi- 
bility is entirely plausible and has 
attracted some current support. 


2. The value of the coefficient of 
friction depends upon the presence 
of a deposited intersurface. When a 
relative velocity exists between the 
friction material and the mating me- 
tallic surface, a film is deposited by 
the friction material on the metal 
that increases the frictional capacity. 

One possible explanation of this 
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film effect is based on the molecular 
adhesion theory of friction. This 
assumes the adhesion forces between 
the friction material and its de- 
posited film to be greater than the 
adhesion forces between the friction 
material and the clean metal. 

However, this film phenomenon 
also could be explained on the basis 
of the ploughing or asperity theories 
of friction. If it is indeed the frontal 
area of contact Ay between the as- 
perities of the friction material and 
the metal that cause the frictional 
force, then it is possible that small 
particles of the frictional material 
are deposited in the microscopic 
crevices of the metal, thus increas- 
ing Ay. 


3. The coefficient of friction is es- 
sentially independent of sliding ve- 
locity. There were some indications 
that » might decrease slightly with 
increasing velocity, but this varia- 
tion of » is negligible as compared 
to the variation of » with W. Fur- 
ther, the scatter of the data prevents 
any firm conclusions regarding the 
dependence of » upon V. 


4. The coefficient of friction is in- 
dependent of temperatures below 
500 F. At temperatures above 500 
F, the value of » decreases, with a 
corresponding drop in temperature, 
and then slowly builds up again. 
This suggests the possibility that the 
high temperatures affect u by alter- 
ing the surface film. Apparently the 
film breaks down at high tempera- 
tures. 


5. The coefficient of friction is in- 
dependent of apparent normal area 
of contact. The only exception noted 
is a decrease in » when the speci- 
men width (perpendicular to the 
direction of rubbing) decreases be- 
low a certain minimum. This is 
probably due to edge effects on the 
film. 


6. The coefficient of friction is in- 
dependent of the surface finish on 
the mating metal. This is true as 
long as the surface is at all 
scratched. Initial run-in of the fric- 
tion material on a smooth (as ma- 
chined) drum indicates that the fric- 
tion material has the ability of al- 
most immediately galling, or scratch- 
ing, the metal surface and that the 
coefficient of friction rises to a stable 
value once this galling has occurred. 


Subsequent increases in surface 
roughness to extreme values do not 
affect ». The possibility exists that 
the surface film must have at least 
a slightly marred metal surface on 
which to anchor. 


7. Initially, before run-in, the co- 
efficient of friction is independent of 
the metal against which it rubs. 
This may be seen from Fig. 3 in 
which three different metals all yield 
the same values for » when the met- 
al is clean. 


8. After run-in, the type of metal 
does have a marked effect on the co- 
efficient of friction. From Fig. 3 it 
may be seen that the harder the 
metal, the higher the value of ux. 
This suggests the possibility that the 
harder metals offer more support for 
the deposited surface film. 

In the application of molded fric- 
tion materials, the mating metal is 
usually unclean. Therefore, this ef- 
fect must be kept in mind in choos- 
ing the mating metal parts of the 
friction device. 


9. The exact nature of the de- 
posited intersurface film and its ef- 
fect on the frictional phenomenon 
is unknown. It appears that this 
would be a promising field of re- 
search if the film were to be studied 
microscopically. At the same time, 
the dependence of the microscopic 
A; upon W could be investigated. 


ASME Paper No. 60-WA-35, “The Dy- 
namic Frictional Characteristics of Molded 
Friction Materials,” presented at the Win- 
ter Annual Meeting, New York, Nov.-Dec., 
1960, 8 pp. 





Magnetic Properties 
Of Malleable Irons 


W. K. BOCK, Director of Research, Nationa! 

— and Steel Castings Co., Cleveland, 
io 

T. D. HUTCHINSON, Supervisor of Physical Met- 

allurgy, Malleable Research and Development 

Foundation, Dayton, Ohio 


HERE is a need for cast mag- 

netic alloys and only ferritic 
malleable iron and dynamo steel are 
available. Dynamo steel is difficult 
to cast and its machinability is poor. 
Malleable in all types, on the other 
hand, is available in large quan- 
tity, and its castability and ma- 
chinability are two of its strong 
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INFINITE RANGE 
EXTREME 
ACCURACY... 














frahe SPEED DRIVES 


The Graham Drive gives extreme 
accuracy of speed holding and reset 
from any desired top speed to zero. 
Range and accuracy are assured 
through the correct application of 
metallic traction in the first stage 
of a compound planetary system. 


Three planet roller cones are canted 
in a carrier to tractionally engage 
an encircling control ring . . . Pin- 
ions on the large ends of the rollers 
mesh with a ring gear joined to the 
output shaft . . . Speed is change- 
able running or stationary ‘ 
Planetary action provides overload 
protection. The dial permits set- 
tings to one part in 4000. 


A wide choice of built-in motors, 
reducers and controls is available 
in sizes-fractional to 3 HP. Write 
for full performance data. 


GRAHAM EXTRA FEATURES 


@ Any desired maximum speed to 


zero, including reverse. 


®@ Straight line extension of a standard 
motor for true compactness. 


® Controls tension, proportion, syn- 
chronization, etc., from any type of 
control signal. 


Ask for Graham Catalog 550. 


GRAHAM TRANSMISSIONS,-INC. 


Menomonee Falls, Wisconsin 


Circle 472 on Page 19 
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Table 1—Magnetic Properties of Malleable Irons 





Ferritic 


Pearlitic Martensitic 





Brinell range 
Saturation (gauss) 18000 
Maximum permeability 3100 


Magnetizing force for « max 11 
(oersted) 


Hysteresis loss (erg/cycle/cm?)* 
Retentivity (gauss) * 

Coercive force* (oersted) 
Steinmetz constant 

Electrical resistivity (microhm-in.) 


6400 
5000 
2.3 
0.0025 
14.14 


179-269 
<18000 <18000 
430 170 

15 30.5 


163-241 


10000-16500 
6500-8500 
7.5-15 
0.0043-0.0072 
15.94 


15000-26000 
6900-8800 
11-22 
0.0059-0.0102 
16.26 





*At maximum induction, B=10 gauss 


points. 

Ferritic or standard malleable iron 
has an ideal microstructure and 
composition for a machinable soft, 
magnetic alloy, since it consists of 
graphite in an iron matrix which 
contains practically no combined 
carbon and does contain 1.0 to 1.5 
per cent silicon. Compared to pure 
iron or silicon iron, malleable has 
a lower saturation and lower maxi- 
mum permeability. It has close to 
the same hysteresis characteristics 
and higher resistivity; therefore, 
lower eddy current loss. 

White iron is the base from which 
ferritic malleable is made, and when 
the white iron is given different 
heat-treatment, it is converted to 
either pearlitic or martensitic malle- 
able. Thus, from a single starting 
alloy, the malleable foundry pro- 
duces a family of products which 
cover a wide range of hardness and 
strengths. 

The pearlitic and martensitic 
malleables bear the same relation 
to ferritic malleable that steels do 
to iron. They are, in fact, graphitic 
steels. 

Although steels, particularly the 
higher carbon grades, are not gen- 
erally considered for soft, magnetic 
work, some designers have been 
tempted by the inherent advantages 


the magnetic properties were de- 
termined to make such a compromise 
possible. The essential magnetic 
properties and electrical resistivity 
are given in Table 1. For com- 
parison, magnetic data on dynamo 
steel are included in the table. 

The Brinell ranges shown in 
Table 1 are those which are gen- 
erally available in pearlitic and in 
martensitic malleable irons. The 
magnetic data in some cases were 
extrapolated to cover the full Brinell 
range. 

To show what sacrifice of mag- 
netic properties would be made for 
a gain in hardness, Table 2 was 
prepared. It is possible in some 
cases to obtain a given hardness 
either in the martensitic malleable 
or pearlitic malleable. As shown in 
Table 2, the magnetic properties in 
such a case are better if a pearlitic 
malleable is specified. 

As might be expected, the pearlitic 
and martensitic malleables investi- 
gated here have behaved like un- 
alloyed steel. The response to mag- 
netizing force and maximum perme- 
ability followed exactly the rela- 
tions in steel of different carbon 
contents. The magnetizing force for 
maximum permeability seems to be 
influenced by microstructure, as in 
the case of steels. 


Table 2—Malleable Irons for 10 Kilogauss Induction 





Ferritic Pearlitic Martensitic 





Brinell 

Magnetizing force (oersted) 
Permeability 

Electrical resistivity (microhm-in. ) 
Hysteresis loss (erg/cycle/cm?) 
Coercive force (oersted) 
Retentivity (gauss) 


109 212 212 260 
12 30 35 35 
800 340 160 160 
14.14 15.94 16.21 16.21 
6 14 18.5 24 

2 12.5 15.5 21 
5000 7700 7700 9000 





of malleables to use the stronger 
types though the magnetic proper- 
ties are not as good as the prop- 
erties of ferritic malleable. Data on 


ASME Paper No. 60-WA-218, “Mag- 
netic Properties of Malleable Irons,” pre- 
sented at the Winter Annual Meeting, 
New York, Nov., Dec., 1960, 9 pp. 
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A German-English Glossary 

Of Kinematics 

R. S. Hartenberg, professor of me- 

chanical engineering, Northwestern 

University, and T. P. Goodman, kine- 

matics engineer, General Engineering 

Laboratory, General Electric Co. 
Some of the most frequently used 
terms in kinematics in the growing 
literature of German origin. This 
glossary presents a special vocabu- 
lary not found in dictionaries. How- 
ever, some words that properly be- 
long to a general vocabulary have 
been included. The glossary may 
be considered only as a supplement 
to one or more standard dictionaries. 
No grammatical problems are dis- 
cussed. 

ASME Paper No. 60-WA-48, “Kine- 
matics—A German-English Glossary,” pre- 


sented at the Winter Annual Meeting, 
New York, Nov.-Dec., 1960, 5 pp. 


processes 
Progress in 


Vacuum Die Casting 


Hiram K. Barton, president, Hiram 

Barton Associates 
Recent progress made _ possible 
mainly by improved vacuum sys- 
tems. Vacuum systems can be clas- 
sified according to whether the die 
is evacuated after closure, or the 
vacuum is pulled before the die 
comes up and closes. With meth- 
ods of the first kind, it is difficult 
to maintain a standard level of vac- 
uum, The point of importance is 
not the actual amount of air and 
gas remaining to be trapped in the 
casting, but the effect of this vari- 
able factor on metal flow and, 
hence, upon the surface finish and 
quality standard of the resulting 
casting. These variables are elimi- 
nated when the vacuum is pulled 
before the die closes. Occluded gases 
boil off, but they can escape before 
the die closes, The degree of evacu- 
ation achieved is exactly the same 
at each cycle, giving virtually com- 
plete uniformity of metal flow if the 
casting temperature is held constant. 
This is the most important func- 
tional advantage of the system, and 
the basis for technological advance 
into the field of very large, very 
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RIVNUTS® streamline 
tank design; 
eliminate damage 
to product 


This oil reservoir, fabricated by Stolper Steel Corporation, Menomonee Falls, 
Wisconsin, for a husky new Allis-Chalmers tractor-shovel, requires remov- 
able cover plates. This is accomplished with flush-mounted RIVNUTS 
and threaded bolts. 


With RIVNUTS, all possible damage is eliminated, since the RIVNUTS 
project inside the tank. Installation is simple: holes drilled and counter- 
sunk, RIVNUTS upset with a heading tool. Flush installation permits 
obtaining a liquid-tight joint without grinding. 

RIVNUTS are the only one-piece blind rivets with internal threads. If 
you'd like recommendations on a specific fastening problem, please send 
a print of your part. For descriptive bulletin, see Sweet's Product Design 
File, or write Dept.MD-1, B.F.Goodrich Aviation Products, a division of The 
B.F.Goodrich Company, Akron, Ohio. 


BE Goodrich Rivnuts 


Circle 473 on Page 19 159 
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GROUND SUPPORT 


H-P-M 4-Way Valve; 3000 
psi, 450 gpm, pilot oper- 
ated, flange connections. 


H-P-M 4” Angle Check H-P-M 3-Way Valve; 3000 
Valve; 3000 psi, flange psi, 350 gpm, pilot oper- 
connections. ated, flange connections. 


H-P-M valves, such as those illustrated, are used on Titan 
ground support installations. Moving large volumes of oil 
at high pressures for today’s missile installations parallels 
H-P-M’s experience in the heavy machinery field. H-P-M’s 
reputation for dependability and performance in this field is 
unmatched, has a complete line of hydraulic equipment for 
both large and small systems. Write for our latest catalog. 


THE HYDRAULIC PRESS MFG. COMPANY 


A Division of Koehring Company, Mount Gilead, Ohio, U.S.A. 
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thin die castings. 


SDCE Paper No. 25, “Vacuum Die 
Casting—A Resume of Progress to Date,” 
presented at the First National Die Cast- 
ing Exposition & Congress, Detroit, Nov. 
1960, 12 pp. 


management 


Management of Electronic 
Parts Specifications 

E. J]. Nucci, reliability co-ordinator, 
Office of Electronics, Office of Deputy 


Director of Research and Engineering, 
Department of Defense 


Establishment and effective manage- 
ment of an engineering standardi- 
zation program for electronic parts. 
Subjects covered include: 


1. Specification of reliability of parts 
and tubes in terms of failure rate as 
a function of time, appropriate test 
procedures, and plans for determin- 
ing compliance with the level spe- 
cified. 

. Methods used in preparation and co- 
ordination of parts and tubes speci- 
fications. 


. Qualification approval testing re- 
quirements and procedures. 


. Adequacy of test requirements with 
respect to reliability requirements 
and quality control procedures. 

5. Program for exchange of technical 
characteristics and test data on parts 
and tubes. 


. Methodology for development and 
dissemination of design guides or 
parts application data, including fail- 
ure rate data as a function of cir- 
cuit application severity level and 
environment. 

ASA paper, “Briefing on Report of Ad 
Hoc Study on Electronic Parts Specifica- 
tions Management for Reliability,” pre- 
sented at the Eleventh National Con- 


ference on Standards, New York, Oct., 
1960, 15 pp. 





TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to the 
following organizations: 


ASA—American Standards Association, 70 
East 45th St., New York 17, N. Y. 


ASME—American Society of Mechanical 
Engineers, 29 West 39th St., New York 
18, N. Y., papers 50 cents to members. 
one dollar eo nonmembers. 


SDCE—The Society of Die Casting Engi- 
neers, 19382 James Couzens Highway, De- 
troit 35, Mich. 
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For copies of any literature listed, circle Item Number on Yellow Card—page 19 


‘Precision Parts 


New catalog outlines bobbin, washer, 
and other precision stock parts available 
for immediate delivery. Listed are prop- 
erties of nylon, Teflon, and epoxy ma- 
terials, product illustrations, and specifica- 
tions on more than 500 parts. Maximum 
and minimum sizes and shapes are clearly 
defined for special parts made to speci- 
fications. 24 pages. Cosmo Plastics Co., 
2339 W. 14th St., Cleveland 9, Ohio. 

Circle 601 on Page 19 


Limit Switches 


Bulletin B-30 describes heavy-duty, met- 
al-enclosed, precision snap-acting switches. 
Detailed descriptions, photographs, and 
dimensional drawings show method of 
installing and structural details. Force 
and movement specifications are tabulated 
for all switches. 4 pages. Unimax Switch 
Div., W. L. Maxson Corp., Ives Road, 
Wallingford, Conn. 

Circle 602 on Page 19 


Servo Motors 


New catalog shows models and up- 
dated specifications of Size 8 and 11 
servo motors. Catalog provides revised 
model numbers, complete electrical and 
mechanical specifications, outline draw- 
ings, and torque-speed curves. Two-page 
technical discussion of damping theory 
compares and evaluates the various means 
to achieve damping. 24 pages. Helipot 
Div., Beckman Instruments Inc., 2500 
Fullerton Rd., Fullerton, Calif. 

Circle 603 on Page 19 


Recording Oscillograph 
Photographs and specifications in Bul- 
letin 5124 describe in full the operation of 
a new, low-cost, portable recording oscillo- 
graph. Simple method of loading paper is 
demonstrated in a series of photographs. 
Complete specifications are provided, as 
well as data on optional accessories avail- 
able. 4 pager. Electro Mechanical Instru- 
ment Div., Consolidated Electrodynamics 
Corp., 360 Sierra Madre Villa, Pasadena, 
Calif. 
Circle 604 on Page 19 


Servo Amplifiers 


Catalog S-1169 lists major products of a 
servo amplifier line for both military and 
industrial applications. Specifications and 
application data are included for a variety 
of units. Technical information on mag- 
netic amplifier theory, servo applications 
data on closed-loop single and two-speed 
systems, and servo motor-amplifier com- 
binations for units from 5 to 2500 w is 
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incorporated. 16 pages. Magnetic Ampli- 
fiers Div., Siegler Corp., 632 Tinton Ave., 
New York 55, N. Y. 

Circle 605 on Page 19 


Electrode Glands 
Caialog 960 describes electrode glands 


which pressure seal electrical leads into 
systems operating from 0.005 microns ab- 
solute to 2500 psi at temperatures from 
—300 to +1850F. Pictures of the vari- 
ous units are included, as well as data 
on dimensions and specifications. 8 pages. 
Conax Corp., 2300 Walden Ave., Buffalo 
25, N. Y. 

Circle 606 on Page 19 


Pins and Studs 


New two-color catalog describes the 
various types, dimensons, and fastening 
applications of solid Groov-Pins and 
grooved drive studs. Catalog describes 
materials used, drilled hole tolerances, 
shear strength, maximum torque, inser- 
tion forces, and horsepower transmitted. 
It also provides information on and illus- 
trates the basic principle of grooved pins, 
and shows how they lock. Various types 
of drive studs are shown, along with 
some typical applications. Dimensional 
and other specifications are given. 12 
pages. Groov-Pin Corp., 1125 Hendricks 
Causeway, Ridgefield, N. J. 

Circle 607 on Page 19 


General-Purpose Plastics 


“Quality Plastics for Quality Products” 
briefly describes many general-purpose 
resins, latices, and compounds. Present 
uses for the product are discussed, to- 
gether with suggestions for new uses. 
Characteristics and processing of Hi- 
Temp Geon are discussed in the bookiet, 
as well as physical properties of Abson 
materials, Estane polyurethane materials, 
and Polyblend 503H. 20 pages. B. F. 
Goodrich Chemical Co., 3135 Euclid Ave., 
Cleveland 15, Ohio. 

Circle 608 on Page 19 


Drafting Aids 
Total of 763 timesavers for draftsmen 
are listed in new catalog. Included are 
tapes, templates, symbols, spaced lettering, 
planning boards, and chart accessories. II- 
lustrations and price list are incorporated. 
28 pages. Chart-Pak Inc., Leeds, Mass. 
Circle 609 on Page 19 


Printed-Circuit Connectors 

New folder describes a complete line 
of one and two-piece multiple connec- 
tors for printed-circuit boards. Detailed 


lists of the features of both the one 
and two-piece AMPin-cert connectors are 
given. Line drawings of each of the five 
types of snap-in contacts are shown, with 
descriptions of the design features of each. 
Cut-away drawings of the variety of con- 
nector housings available are also pro- 
vided. Description of the solderless-termi- 
nation technique for applying the con- 
tact directly to the wire end is provided. 
6 pages. AMP Inc., Harrisburg, Pa. 
Circle 610 on Page 19 


Line Strainers 


Line Strainer Guide J-LS brings to- 
gether many facts needed by those who 
use or specify strainers. It illustrates 
steam and liquid units available in alu- 
minum, stainless steel, cast iron, bronze, 
and cast steel. Guide also contains strain- 
er tips for better performance, recom- 
mended mesh to use, and complete engi- 
neering details including features, photo- 
graphs, dimensions, mesh availability, and 
particle-retention capability. Charts show- 
ing ratios of screen open area to inside 
pipe area for all sizes and screen mesh are 
incorporated. 4 pages. OPW-Jordan, 6013 
Wiehe Rd., Cincinnati 13, Ohio. 

Circle 611 on Page 19 


Servo Development Kit 


Bulletin 105 describes Size A servo de- 
velopment kit, consisting of a permanently 
packaged group of standardized servo- 
mechanism components from which a 
variety of mechanisms and gear trains can 
be assembled. Complete list of all parts 
included in the kit is provided. 2 pages. 
Precision Mechanisms Corp., 577 New- 
bridge Ave., East Meadow, L. I, N. Y. 

Circle 612 on Page 19 


Magnetic Disc Brakes 

Bulletin 605 gives information on a 
complete line of magnetic disc brakes. 
Many series are listed and pictured, to- 


gether with complete engineering and 
dimensional information. Section on 
brake selection is included in the book- 
let. 8 pages. Stearns Electric Corp., 
120 N. Broadway, Milwaukee 2, Wis. 
Circle 613 on Page 19 


Tracing Paper 


Tissue-thin, natural tracing paper, 
Banknote, is described in new pocket- 
sized folder. Advantages are pointed out, 
and processing is described in detail. List 
of sizes and thicknesses available is in- 
cluded. 4 pages. Keuffel & Esser Co., 
Third & Adams Streets, Hoboken, N. J. 

Circle 614 on Page 19 
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Stainless-Steel Fasteners 


“Stainless-Steel Fasteners for Industrial 
Applications” is a pocket-sized question- 
and-answer guide to industrial applica- 
tions of austenitic stainless-steel fasteners. 
Folder reviews in capsule form the main 
features of the austenitic stainless family, 
and the ferritic and martensitic series 
are also reviewed briefly. Listing of the 
company’s products available in stainless 
is given. 6 pages. Standard Pressed 
Steel Co., Box 102, Jenkintown, Pa. 

Circle 615 on Page 19 


Drafting Machine 


Model 3300 drafting machine is de- 
scribed in new bulletin. Special empha- 
sis is given to 20-in. arm model which 
covers a drawing area to 34 x 44 in. 
Specifications for the 16, 18, and 20-in. 
models are included, together with a 
section on scales available for the ma- 
chines. 4 pages. V. & E. Mfg. Co., 766 
S. Fair Oaks Ave., Pasadena, Calif. 

Circle 616 on Page 19 


Filter Cartridges 


Bulletin MW-100 describes new Micro- 
Wynd disposable filter cartridges for filter- 
ing plating solutions, alcoholic beverages, 
diesel fuels, and chemical process streams. 
Manufacturing process involves interweav- 
ing a separate filtering medium between 
structural spiral windings on a_ per- 
forated-metal core. Performance advan- 
tages, test reports, micron densities, fluid 
compatibility, and other specifications are 
included. 4 pages. Cuno Engineering 
Corp., 80 S. Vine St., Meriden, Conn. 

Circle 617 on Page 19 


Flexible Metal Hose 


Revised catalog covers flexible metal 
hose used in a variety of applications. 
Many photographs are used to illustrate 
the uses for the various types of hose. 
Cross-sectional drawings, photographs, 
and tables provide all dimensional data. 
38 pages. Pennsylvania Flexible Metallic 
Tubing Co. Inc., Lincoln Highway, Paoli, 
Pa. 

Circle 618 on Page 19 


Trimming Potentiometers 


Brochure 6 summarizes key informa- 
tion on Trimpot, Trimit, and Twinpot 
leadscrew and worm gear-actuated poten- 
tiometers. Basic specifications such as 
terminal types, resistance ranges, end set- 
tings, tolerances, power ratings, operating 
temperatures, sizes, and prices are included 
for each of 13 models. Cut-away drawings 
illustrate some of the outstanding fea- 
tures found in all models. 4 pages. 
Bourns Inc., 6135 Magnolia Ave., River- 
side, Calif. 

Circle 619 on Page 19 


Air-Control Valves 

Bulletin 60-1 on mechanically and 
manually operated air-control valves cov- 
ers 1/,-in. NPT, two-position, balanced- 
spool valves, normally closed or normally 
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open two-way, normally closed or nor- 
mally open three and four-way styles. 
Three-page spread presents all model num- 
bers, specifications, and operators in one 
easy-to-read chart. Standard accessories are 
also listed. 6 pages. Hoffman Valves 
Inc., 2360 W. Dorothy Lane, Dayton 39, 
Ohio. 

Circle 620 on Page 19 


Ball-Bearing Screws, Splines 
Catalog 61-E, “Ball Bearing Screw 
and Spline Operation,” provides data on 
basic principles, types, and applications of 
ball-bearing screws and splines. Book also 
contains design data, sample problems, and 
information on lubrication, size ranges, 
critical. speeds, finishes, and mounting 
methods. Illustrations, dimensional draw- 
ings, tables, and charts provide design 
data. 24 pages. Saginaw Steering Gear 
Div., General Motors Corp., Saginaw, 
Mich. 
Circle 621 on Page 19 


Digital Recording Systems 


Applications for digital type-recording 
techniques are described in Brochure 
DD-7. Among applications described are 
communications, filing, media conversion, 
acquisition and reduction, and high and 
low-speed sampling. Functional and block 
diagrams are included. 20 pages. Indus- 
trial System Div., Minneapolis-Honeywell 
Regulator Co., 10721 Hanna St., Belts- 
ville, Md. 

Circle 622 on Page 19 


Packaged Controls 


Bulletin GEA 6334A describes Pan-A- 
Trol panels for use with machine tools, 
textile machinery, pumps, materials-han- 
dling equipment, presses, air conditioners, 
agricultural machinery, and similar equip- 
ment. Publication explains product fea- 
tures, and tells how panels are designed 
for specific control needs. Photographs 
show various devices used in the packaged 
control units. 8 pages. General Elec- 
tric Co., Schenectady 5, N. Y. 

Circle 623 on Page 19 


Laminated Plastics 


Illustrated catalog describes complete 
range of laminated plastic sheets, rods, 
and tubing. It offers information 
on standard applications for laminates, 
and suggests many new uses. Technical 
data include Panelyte and NEMA grades; 
colors, finishes, size, and thickness ranges; 
strength, density, water absorption, im- 
pact strength, and power factor; insulation 
and arc resistance; dielectric properties; 
special features of laminated plastic sheets, 
rods, and tubing. 18 pages. Dept. WMG, 
Panelyte Div., St. Regis Paper Co., Tren- 
ton 8, N. J. 

Circle 624 on Page 19 


Copying Equipment 

Bulletin X-313 on Xerox copying equip- 
ment illustrates and describes the com- 
plete line of xerographic copying and 


offset-master-making equipment. It sug- 
gests numerous applications that are pos- 
sible with this process. A section is de- 
voted to attachments and other accessories 


which further increase the versatility of 
the equipment, and list of everyday uses 
is provided. 16 pages. Haloid Xerox 
Inc., Dept. X313, Rochester 3, N. Y. 
Circle 625 on Page 19 


Temperature Chambers 


New folder describes 1 to 10 cu-ft tem- 
perature chambers available for applica- 
tions where temperatures from —150 to 
+300 F are required. The low-cost 
mechanical units are pictured, along with 
accessories and special controls. Speci- 
fications are provided for the chambers. 
4 pages. Cincinnati Sub Zero Products, 
3930 Reading Rd., Cincinnati 29, Ohio. 

Circle 626 on Page 19 


Small Cylinders 


Bulletin 0230-B1 provides concise en- 
gineering data and specifications on maxi- 
mum 200 psi Series S Midget-Air cyl- 
inders.. Both universal mounting and 
nose-mounting models in 3/4, 1, and 
1'%-in. bore sizes with standard strokes 
to 12 in. are fully described. Four basic 
mountings are inherent in the design, pro- 
viding versatility by choice of optional 
mounting attachments. Cutaway diagram 
points out internal and external features 
of the units. 4 pages. Hannifin Co., 
Div., Parker-Hannifin Corp., Dept. 116, 
501 S. Wolf Rd., Des Plaines, Il. 

Circle 627 on Page 19 


Nylon Shapes 


New brochure gives data on nylon stock 
shapes available, charting physical prop- 
erties of four grades of Cadco nylon. 
Available sizes for rod, plate, sheet, strip, 
and tubing are listed, and typical ap- 
plications are illustrated. Data on moisture 
conditioning, machining, bonding, weld- 
ing, and coloring of nylon parts are 
given. 8 pages. Cadillac Plastic & Chem- 
ical Co., 15111 Second Ave., Detroit 3, 
Mich. 

Circle 628 on Page 19 


Rupture Discs 


Data on Impervite rupture discs is in- 
cluded in new catalog. Separated into 
ten sections, it covers dimension stand- 
ards on four types of discs, venting ca- 
pacities, gasket sizes, bolt-torque specifica- 
tions, and installation procedure. Pho- 
tographs, drawings, and tables are used 
to illustrate the types and provide di- 
mensional data. Engineering Dept., Falls 
Industries Inc., Solon, Ohio. 

Circle 629 on Page 19 


Valves and Couplings 


Four new product data sheets describe 
a cryogenic control valve for use with 
helium; a two-way, coaxial, shut-off valve; 
a hydraulic-system bleed valve; and a 
pull-away coupling. All are designed es- 
pecially for the aircraft and missile in- 
dustries. Units are pictured and described, 
and specifications are given for each. 
Sheets are designated Forms 401, 
401-00011, 403, and 406. 5 pages total. 
Special Products Div., Weatherhead Co., 
300 E. 13lst St., Cleveland 8, Ohio. 

Circle 630 on Page 19 
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| THIS IS A BETTER LATCHING RELAY 


Better? Yes, in several ways. Bifurcated Contacts, for ex- 
ample, give improved reliability, especially in dry circuits. 
Contacts will not open during vibrations of 30Gs, 55 to 
2500 cps. A special method of sealing cover to base 
eliminates flux contamination of the contacts. And there 
are more. Here is Potter « Brumfield’s newest member of a 
distinguished family of micro-miniature relays: the FL Series. 


Expressly designed for printed circuit applications, this 
DPDT, 3 amperes (@ 30V DC) latching relay lies parallel to 
the mounting surface. Its height, when mounted, is only 
.485”, thus circuit boards may be stacked closer. Mounting 
can usually be accomplished without studs or brackets, 
simplifying installation. 
The FL will remain firmly latched in either armature position 
without applied power, a significant advantage where power 
is limited and long relay “on” times are required. This relay 
may be operated by: 
1. Pulsing each coil alternately (observing coil polarity), or 
2. Connecting the coils in series and operating from a 
reversing (polarized) source. 
Write for complete information or call your nearest PsB 
representative. 


FL SERIES SPECIFICATIONS 
Shock: 100 Gs for 11 milliseconds. No contoct 
openings. 
Vibration: .195”, no contact openings. 10 to 
55 cps. 30 Gs from 55 to 2500 cps. 
Pull-in: 150 milliwotts maximum (standard) at 
25° C. 80 milliwatts maximum (special) 
at 25° C. 

Operate Time: 3 milliseconds maximum at 
hominal voltage at 25° C. 

Transfer Time: 0.5 millisecond maximum at 
nominal voltage at 25° C. 

Temperature Range: —65° C to +125° C. 

Terminals: Plug-in pins. 

Dimensions: L. 1.100” Max. —W. .925” Max 
H. .485” Max. Hermetically sealed only. 
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Other P&B micro-miniature relays include conventional and latching models in crystal cases with a wide 
range of terminals and mountings. All are made in a near-surgically clean production area under the 
exacting requirements of our Intensified Control and Reliability program. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


FOR ALL MICRO -MINIATURE RELAYS 


POTTER & BRUMFIELD 


PRINCETON, INDIANA 


Le SOURCE 


IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 





Barber-Colman motors offer 


wide range of power and 


speeds, plus long-life quality 
that adds extra product 


value, extra product economy 


THE MARK OF QUALITY 


BARBER 
COLMAN 


LOW COST 

HIGH STARTING TORQUE 

QUIET RUNNING 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


a-c small motors 


Wherever the application calls for a 
highly dependable small motor with un- 
usual power or speed requirements (and 
all at low cost), you'll most likely find 
the answer at Barber-Colman. Geared 
types feature torques up to 300 Ib-in. 
with speed ranges from 1/6 revolutions 
per hour up to 1500 rpm. Nongeared 
models are rated up to 1/20 hp at 2900 
rpm. All are built to high-quality 
standards .. . for long, trouble-free 
service that eliminates bothersome costly 
maintenance of your product. Yet your 
cost per motor is surprisingly low. 


WRITE FOR NEW QUICK REFERENCE FILE 


on the complete line of Barber-Colman a-c small 
motors: unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 

. Open or enclosed types. Stator and rotor sets 
also available. Free engineering service. 


BARBER-COLMAN COMPANY 


Dept. M, 


1273 Rock Street, Rockford, Illinois 
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Packaged Hydraulic Systems 


Application of packaged hydraulic sys- 
tems to solve a wide range of process 
control problems is the subject of Bulletin 
I-5802. Bulletin includes numerous illus- 
trations showing typical packaged hy- 
draulic systems and installations. Advan- 
tages of hydraulics in process control are 
listed, and standard components are illus- 
trated. 6 pages. Vickers Inc., Div., Sperry 
Rand Corp., Detroit 32, Mich. 

Circle 631 on Page 19 


Deposited Carbon Resistors 


Results of a recently completed study 
into the performance and reliability of 
molded deposited carbon resistors are pre- 
sented graphically in a new handbook. 
More than 20 charts and diagrams are re- 
produced, illustrating such variables as 
temperature cycle, short time overload, 
terminal strength, and load life. Section 
deals with resistor selection in equipment 
design. 28 pages. International Resistance 
Co., P. O. Box 502, Burlington, Iowa. 

Circle 632 on Page 19 


Speed Measurement Systems 


Bulletin 2000, “Digital Speed Measure- 
ment Systems,” illustrates instrumentation 
which provides an accurate, trouble-free 
method for measuring, indicating, or re- 
cording rotative motion. Proper selec- 
tion and operation of magnetic and 
photoelectric pickups, electronic tachome- 
ters, and in-line readouts are discussed. 
Easy-to-read specification tables are co- 
ordinated with recommendations for the 
application, mounting, and coupling of 
each model. 6 pages. Electronic Div., 
Meriam Instrument Co., 10920 Madison 
Ave., Cleveland 2, Ohio. 

Circle 633 on Page 19 


Circuit Breakers 


Design features of K-Don current-limit- 
ing circuit breakers are detailed in Bulle- 
tin 4300-1A. Bulletin carries a complete 
description of the equipment with infor- 
mation on selection and application, and 
a section on dimensions and guide specifi- 
cations. Four tables provide data on pro- 
tection of molded-case circuit breakers in 
switchboards, motor-control centers, panel- 
boards, and bus duct systems, and also 
provide other performance data. 10 pages. 
I-T-E Circuit Breaker Co., 1900 Hamilton 
St., Philadelphia, Pa. 

Circle 634 on Page 19 


Electronic Equipment 


Catalog 61 provides listings of over 
5000 industrial motors and gear reducers, 
and over 25,000 industrial electronic parts 
available from stock. Included are blow- 
ers, cable, capacitors, speed controls, con- 
veters, dynamotors, insulators, meters, 
motors, rectifiers, reducers, relays, resistors, 
sockets, transformers, and tubes. Items 
are illustrated, indexed, and clearly de- 
scribed. 176 pages. Write on company 
letterhead to Electro Sales Co. Inc., 50-58 
Eastern Ave., Boston 13, Mass. 
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New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Lock Washer 


for high-torque uses 
and sealing applications 


Folded-rim lock washer has a 
double-strength rim to meet the re- 
quirements of assembly work involv- 
ing high torques and tensions. It 
can also be used in sealing applica- 
tions to eliminate thread leakage 
under high pressures and temper- 
atures to 500 F. Strength has been 
built in by turning back and crimp- 
ing the ID, concentrating the load 


on a double-layer rim. Washer re- 
sists extreme fastening stresses, pre- 
vents slipping or creeping during 
tightening, and shows increased 
locking efficiency over conventional 
washers. Line is available to match 
screw sizes from 5/16 to % in. 
Shakeproof Div., [Illinois Tool 
Works, St. Charles Road, Elgin, 
Ill. 

Circle 635 on Page 19 


Check Valve 


for hydraulic or 
air system use 


New hydraulic or air-system check 
valve incorporates a highly sensitive 
ball check in a forged body to pro- 
vide full flow in one direction and 
instantaneous checking in the re- 
verse direction. Ball is confined to 
close limits within the enclosure, 
and can move only in a vertical 
plane from its seat. Area of the ball 
is double the seat area. Pressure 
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applied over the ball area as it 
leaves its seat causes it to accelerate, 
providing rapid opening at low dif- 
ferentials without chatter. Large in- 
ternal passages and _ unrestricted 
ports ensure maximum oil or air 
flow and minimum pressure drop. 
Body is a high-tensile-strength alu- 
minum, steel, or stainless-steel forg- 
ing. All internal parts are stainless 
steel. Valve is available in 14, 14, 
34, 1%, and 34-in. pipe or tube sizes. 
Operating pressures for aluminum 
are 3000 psi; steel and stainless steel, 
5000 psi. Auto-Ponents Inc., 3001 
Grant St., Bellwood, IIl. 

Circle 636 on Page 19 


Low-Temperature Bearing 


for cryogenic service 


Operating with a 300-lb thrust load, 
45-mm bore bearing meets require- 
ments of the field of cryogenics. 
Separator design utilizes Teflon- 
filled glass fiber, reinforced with 
stainless steel to provide minimum 
weight and coefficient of friction 
and to overcome excessive separator 
wear. Races and balls of 440C stain- 
less steel, and design of internal 
geometry to minimize ball sliding 
and compensate for relative con- 
traction rates, are important to suc- 


cessful operation of the bearing. 
Bearing Div., Industrial Tectonics 
Inc., 18301 Santa Fe Ave., Compton, 


Calif. 
Circle 637 on Page 19 


Miniature Fluid Filter 


incorporates bypass valve 
to permit full fluid flow 


Model P/N 1850 miniature fluid- 
system filter, weighing only 2 oz, 
features in-line ports and an adjust- 
able bypass. Port arrangement al- 
lows straight-through flow, mini- 
mizing pressure drop. Bypass ball 
valve incorporated into the unit per- 
mits full fluid flow in case of filter 
clogging; it can be adjusted to open 
through a pressure drop range of 20 
to 100 psig. Designed for general 
use with liquids or gases, unit filters 
to 10 microns. Filtering element is 
stainless-steel mesh, 114 sq in. in 
area, Filter mesh can be removed 


4 
from either end of the body. Filter 
can be assembled or disassembled 
without danger of wrong orienta- 
tion of parts. Pyrodyne Inc., 11973 
San Vicente Blvd., Los Angeles 49, 


Calif. 
Circle 638 on Page 19 


Indicator Light 


incorporates a 


black shroud 
Model 855S-DS panel indicator light 


features a black shroud which ex- 
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for pumps as individual , 
as a fingerprint! © 


SPECIFY 
NORTHERN 
NITRALLOY 


Northern designs and builds quality into every pump. For each 
application, materials are selected with infinite care—gears 
with ground tooth form for perfect contact, correct clearances. 
Meticulous inspection at every stage in the manufacturing 
process assures efficient, economical, lasting service for even 
the most difficult pumping tasks under rugged conditions, in- 
doors and out, year after year. 

Northern Nitralloy Pumps are available in capacities from 
VY to 146 GPM at pressures up to 2000 PSI. Within this range 
there is a pump as individual as a fingerprint — as “special” 


as you want it. 


Write today for free catalog and engineering data. 


Northern Ordnance Incorporated 


Subsidiary of NORTHERN PUMP COMPANY 
Minneapolis 21, Minnesota 


Circle 477 on Page 19 





WHEN YOU NEED HELP IN A HURRY- 


Koppers coupling 
service cuts 
costly down-time 


Not every coupling service need 
is an emergency. But it’s the 
emergencies that really test a 
good organization. That’s why 
Koppers maintains experienced 
field engineers and outstanding 
stock facilities throughout the 
country. In addition, if it’s a 
Fast’s Coupling you’re replac- 
ing, we have a serial number 
and specific application history 
for every Fast’s for easy re- 
ordering. And our modern man- 
ufacturing facilities have the 


extra capacity to lick an emer- 
gency for special requirements. 
Example: A modern window- 
less bank in Georgia was able to 
open for business as usual only 
because Koppers flew in a com- 
pleted replacement coupling for 
its air conditioning unit. Elapsed 
time . . . request phoned to 
Baltimore after 10 in the eve- 
ning . . . coupling arrived before 
7:30 next morning. 
Koppers Company, Inc., 401 
Scott St., Baltimore 3, Md. 


FAST'’S COUPLINGS 


Engineered Products Sold with Service 


® 


Circle 478 on Page 19 
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cludes light emission from the sides. 
It is suitable for computer applica- 
tions, instruments, and panels. Unit 
mounts in 34-in. diam hole. It is also 
available in a two-color version 
which is colored when lit, and white 
when unlit. Color-Lite Div., Sloan 
Co., 7704 San Fernando Rd., Sun 
Valley, Calif. 

Circle 639 on Page 19 


Standard Shaft Assemblies 


in monodirectional 
and bidirectional types 


Some 180 different flexible shaft 
assemblies can be made up quickly 
from a stock of component parts— 
cables, casings, and end fittings. 
Assemblies are available in two 
types: Monodirectional, used basic- 
ally for motor-driven or high-speed 
application to revolve only in one di- 
rection; bidirectional, used primar- 
ily for motor-driven, high-speed 
applications or where the cable is 
required to turn in both directions. 
F. W. Stewart Corp., 4311 N. 
Ravenswood Ave., Chicago 13, Ill. 
Circle 640 on Page 19 


Honeycomb Core Material 


of cross-laminated, 
aluminum foil layers 


Trussgrid honeycomb material dis- 
plays high strength and excellent 
dimensional stability. Cross-lami- 
nated layers of corrugated 5052 al- 
loy aluminum foil are used, corru- 
gations of each layer forming a 90- 
deg angle with those of neighbor- 
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ing layers. Channels in alternate 
layers of foil run in the same direc- 
tion, providing strength and rigidity 
in three planes. Material performs 
well in both light and heavy load- 
bearing applications. It can be 
shaped readily by roll-forming and 
crushing, and has excellent machin- 
ing characteristics. Natural venting 
characteristics permit bonding with 
all types of adhesives. Several stand- 
ard sizes are available. General Grid 
Corp., 713 Stokes Rd., Army Chemi- 
cal Center, Edgewood, Md. 
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Miniature Bellows 


in a wide selection of 
sizes, shapes, alloys 


Precision instrument bellows and 
sensitive diaphragms are available 
in a wide selection of sizes, shapes, 
and proprietary alloys. New process 
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permits wall sections of 0.0005 to 
0.005 in. in materials suitable for 
high - temperature, high - pressure, 
and nonmagnetic applications. 
Kinemotive Corp., P. O. Box 386, 
Huntington Station, L, I., N. Y. 
Circle 642 on Page 19 


Digital Display Instruments 


are contained in 
2-in. diam sealed cases 


Series 40-100 Microjuster control 
units incorporate precision gearing 
and a wide selection of rotating 
components for conveniently intro- 
ducing heading, speed elevation, 
bearing, or other voltage settings 
into servo systems. Units are avail- 
able with a wide selection of single 
and dual-speed synchros, potentiom- 
eters, or shaft encoders. They are 
contained in 2-in. diam MS33639 
sealed cases, and the assemblies 
qualify to MIL specs. Counters are 
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SAVES SPACE, SAVES MONEY, 
SAVES TIME, SAVES MANPOWER 


The new ‘‘Wedge Base’’, all-glass, incandescent indicator lamp is an 
exclusive G-E development designed to replace the old #57 and other 
similar bayonet-based lamps. It’s available in 6.3 and 12 volts. See below. 

The Wedge Base saves space because, with its holder, it is considerably 
smaller than the old #57. It saves money because the holder and total in- 
stallation costs are less. It saves time because the holder is easier to install 
and the lamp can be seated with just a push. And it saves manpower because 
installation can be automated and holders can be molded into plastic circuits. 
The G-E Wedge Base lamp can withstand ambient temperatures up to 600°F 
because it has no basing cement. 

A major automobile g ; , ; 

. . The Wedge Base is available in two ratings 

manufacturer is already 

, mgs G.E.LampNo. _—158 159 
using G-E Wedge Base Circuit Volts ... 
, : ’ atvasla Amperes 
lamps; they're available Qevfgnvoits ||: 
i y iti Rated Av. Life 
in mass quantities. For st dase vole. 
more information write: —_ Filament 
General Electric Co., 

oe Base Type... 
Miniature Lamp Depart- Candlepower... 

. #5000 hrs. at 6.6 vol 

ment M-12, Nela Park, In excess of 5000 hrs. at 6.6 volts 


Cleveland 12, Ohio. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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DESIGNED FOR THE DESIGNER 


Bond Stock Power Transmission Equipment is 
routinely selected as integral components for new 
machine designs. Design experts find it saves time 
and money to check with Bond first before creating 
special equipment to solve a design problem. Fre- 
quently it develops that a Bond Stock Component 
answers the purpose without resorting to a new engi- 
neering approach, expensive dies and costly delay. 

Should your situation demand innovation, Bond 
will be happy to manufacture transmission equip- 
ment to your specifications. Bond’s almost three- 
quarters of a century in power transmission design 
provides a world of special experience at your service. 
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SPROCKETS FLEXIBLE 














PILLOW 





SPE D REDUCERS AND CHAINS COUPLINGS :@- 
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Write for free catalog No. 100 


> CHARLES BOND COMPANY 
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available in special configurations 
and calibrations, with red or white 
integral lighting. Balanced, long- 
life detent on the input knob fa- 
cilitates making and maintaining 
settings. Backlash is reduced to 
approximately 2 min through use 
of AGMA Precision 2 gears and 
ABEC-7 ball bearings. Servo De- 
velopment Corp., 2 Willis Court, 
Hicksville, L. I., N. Y. 

Circle 643 on Page 19 


Shaft Locks 


for use on volume controls, 
coils, and capacitors 


Two wrench-type Cambion shaft 
locks are brass per QQ-B-626a 1/, 
hard, available in black-oxide finish 
or with heavy nickel plating. They 
are designed for use on volume con- 
trols, coils, and capacitors. Lock 
2038 for '4-in. diam shafts is % 
in. long with 11/32-in. hex locking 
nut and 11/32-in. hex collet (1/4-32 
thread). Lock 1774 for 14-in. diam 
shafts is 1% in. long with 1/-in. 
hex locking nut and 9/16-in. hex 


collet (34-32 thread). Cambridge 
Thermionic Corp., 445 Concord 


Ave., Cambridge 38, Mass. 
Circle 644 on Page 19 


Quick-Disconnect Coupling 


small, lightweight unit 
has push-pull action 


Series 17 Trigger-Lock coupling is 
for applications requiring minimum 
leakage on disconnect and minimum 
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entrapment of air or other foreign 
matter on connect. The small, light- 
weight unit has fast, automatic 
push-pull action for coupling and 
uncoupling; high reliability over a 
broad temperature range; low pres- 
sure drops; and long service life. 
It incorporates flush-face poppets 
and fast-acting, self-locking collar. 
Basic unit meets military specifica- 
tion MIL-C-25427. Actuation is 
open manual, close automatic trig- 
ger; coupling can be adapted for re- 
mote or breakaway actuation, Size 
of standard models ranges from 14 
to 114 in. Sizes 14 through 1 in. 
are proof-rated at 4500 psi, burst 
at 7500 psi. Size 114 in. unit is 


proof-rated at 900 psi, burst at 1500 
psi. Jack & Heintz Inc., P. O. Box 
6719, Cleveland 1, Ohio. 
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Plastic Wire Tie-Clamp 


is chemically inert 
and heat resistant 


Push-Button combination wire tie- 
cable clamp cuts material costs and 
speeds assenibly by eliminating 
separate cable clamps, mounting 
screws, and wire ties in many ap- 
plications. Button snaps into any 
0.250 to 0.256-in. hole, securely 
fastening tie to chassis or frame. Tie 
adjusts to 30 different sizes from 
1% to 1-5/16 in. diam and can be 
opened and closed to add or repair 
wires without removing Push-But- 
ton mounting. Made from high 
dielectric polyethylene, tie-clamps 
are chemically inert and heat re- 
sistant, and are available in three 
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LONG LIFE, THOMSON ‘‘Snap-In"’ 
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—BEARINGS of smooth, tough DuPont NYLON 





Low Cost Low Cost Low Cost 
FLANGED Nyliner SLEEVE Nyliner DOUBLE-FLANGE Nyliner 


COST LESS to BUY 
COST LESS to INSTALL 
& ELIMINATE LUBRICATION 


Additional Benefits: 


LOW FRICTION 

RESIST POUNDOUT 

NO. FRICTION OXIDATION 
DAMP VIBRATION 
OPERATE IN LIQUIDS 
NON-CONTAMINATING 


INSTANTLY REPLACEABLE 
RESIST ABRASION 
MINIMUM SPACE 

SILENT OPERATION 
LIGHTEST WEIGHT 
REDUCED WEAR 


CLOSE FIT 
LONGER LIFE 
EASILY INSTALLED 
LESS SERVICING 
SELF-RETAINING * 
RESIST CORROSION 


Oe a oe er ee 
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Engineered to Solve Problems .. . Improve Products. . . 
Reduce Costs! 
NYLINER Bearings are a highly engineered thin liner of DuPont Nylon, designed 
to bring bearing users the many benefits of Nylon ay. bearing material by solv- 


ing most of the limitations surrounding its use. The compensation gap prin- 


tiple assures maintenance of diametral tolerances for precision applications. 


Seven Standard Types available from stock. Write for literature and name of 


your local representative who stocks NYLINER Bearings for immediate shipment 








—Manufacturers of BALL BUSHINGS . . . the Ball Bearing for Linear 
Motions and 60 CASE... . Hardened & Ground Steel Shafting 


put Be/41,.£42 in your designs 


size... 


Type SMD 


y 


HEINZE 
UNIVERSAL 
MOTORS 


When you want power in compact 
series motors, Heinze Universal Mo- 
tors provide high starting torque, var- 
iable speed, reversibility and high 
output. Originally developed for sew- 
ing machines and office machines, 
they are extremely flexible in design 
for a variety of uses not requiring con- 
stant speed. Flat sided models are es- 
pecially adaptable for limited space. 

Horsepower ratings are from 1/10 
to 1/30. Load speed is 7,500 rpm. 
Standard voltage rating is 115V, 
AC/DC but motors are supplied for 
other voltages in AC or DC. Rotation 
is CW, CCW, or reversing. Optional 
mounting arrangements include 
tapped holes on flat side. 

Send coupon for new catalog on 
Heinze Universal Motors — plus the 
complete line of Heinze sub-fractional 
horsepower motors and blowers. 


ELECTRIC COMPANY 
685 Lawrence St, 
Lowell, Massachusetts 


Heinze Electric Company 
Dep‘t D, 685 Lawrence Street 
Lowell, Massachusetts 


Please send new catalog on Heinze sub-fractional 
motors and blowers. 


Name & Title 
SOIR co vee ends necsvccovctecverccecceveccse 
Street & No 
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different colors, 5!/ in. long. Richco 


Chicago 47, Ill. 
Circle 646 on Page 19 


Miniature Blower 


is 11% in, in diam, and 
weighs 3.5 oz 


Miniature dc blower, smaller in di- 
ameter than a fifty-cent piece, 
moves 10 cfm of air against 0.3 in. 
water back pressure. Blower is 1!4 
in. in diam by 31% in, long, and 
operates on 27 v dc, Lower voltages 
can be used with different motor 
windings. Unit weighs 3.5 oz. Unit 
pictured utilizes Type VS motor, 
and is typically used for spot cooling 





| of critical components in a circuit. | 
Globe Industries Inc., 1784 Stanley | 
| Ave., Dayton 4, Ohio. 
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| Braided Packing 


low-friction material 
is Teflon impregnated 


| Designated Style 5875, white as- 
bestos breided packing 


spread application on rotary and 
centrifugal shafts, valve stems and 
expansion joints, and reciprocating 
rods, plungers, and rams. It has 
a temperature range from —90 to 
+500 F, and low coefficient of fric- 
tion reduces wear to the packing 
and to mechanical components dur- 
ing start-up and operation. Ma- 
| terial remains unaffected by mod- 
erately destructive and corrosive 
minerals, acids, and caustics. Lat- 
tice Braid construction results in a 
strong, unified structure, indepen- 
dent of any single cover or layer to 
wear through and fail. Only mod- 
erate gland pressure is necessary to 
| ready the packing for immediate 








Plastic Co., 3722 W. North Ave., 








Pressure: to 540 psi. 
Ten orifice sizes: %4” through 4%”. 


Wide voltage range: standard with 
115V. AC.; also 12, 24, 208, 230, 460V. 
AC. 50/60 cycle. 


Body: brass bar stock or 18-8 stain- 
less steel. All moving parts, stain- 
less. Seat disc, synthetic rubber. 
Sizes, %” and %” NPT. Both con- 
duit and grommet types. 


Underwriters’ listed as a safety valve 





contains | 
more than 30 per cent Teflon by | 
| actual weight. Packing has wide- | 





Yes, ‘‘Master-mite’’ is the 
mighty mite of solenoid valves. 
Useable on a wide range of me- 
dia including hydrogen, acety- 
lene, etc. Works right in any 
position. Small, but with extra 
strength in the Marsh manner. 
Coils never overheat. Leak 
tight. Remarkably quiet. 


tak for special bulletin 

MARSH INSTRUMENT COMPANY 
Division of Colorado Oil & Gas Corpora- 
tion, Dept. B, Skokie, Ill. Marsh Instru- 
ment & Valve Co., (Canada) Ltd., 8407 
103rd St., Edmonton, Alberta, Canada. 
Houston Branch Plant, 1121 Rothwell St., 
Sect. 15, Houston, Texas. 


MARSH 


GAUGES + THERMOMETERS 
VALVES 
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operation upon installation. Packing 
is available in 14 through %%-in. 
sizes in 1/16-in. increments in either 
spool, reel, or ring form. Garlock 
Inc., 457 Main St., Palmyra, N. Y. 

Circle 648 on Page 19 


Heat-Setting Adhesive 


resists water, chemicals, 
elongation, and stress 


Pliogrip 22-4 is a synthetic, resin- 
type, heat-setting adhesive which 
bonds plastisols to metals, glass, and 
ceramics. It also can be used to ad- 
here rigid molded vinyl and plastic 
sheeting to other surfaces, creating 
bonds that will not break unless the 
plastic is torn. Material has excel- 
lent resistance to water, chemicals, 
elongation, and stress. It can be 
used with many different vinyl 
molding formulations, and is easily 
applied by brush, spray, roller, or 
dipping. Material has a light straw 
color. Chemical Div., Goodyear Tire 
& Rubber Co., Akron, Ohio. 
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Rotating Union 


provides leakproof, 
trouble-free performance 


Model 1595 slow-speed, low-cost, 
rotating union is for installations 
which require a means to introduce 
two different media or the same 
medium through two different pas- 
sages. It is rated at 150 psi air pres- 
sure, 1000 psi hydraulic oil pres 
sure, with rotational shaft speeds to 
200 rpm. It is applicable to rotat- 
ing cylinders that require pressure 


eee 
100,000 


Acme backs its quality Power 
Transmission Products with 
the best engineering service 
available in the industry. 
Even on short notice, Acme 
has its Engineers available 
to put their years of experi- 
ence and technical knowledge 
to work in helping you solve 
a design, installation or any 
other chain drive problem 
you may have. 


Acme has built its reputa- 
tion on providing customers 
dependable service before, 
during and after the sale. 


Wherever you are, what- 
ever your problem, there’s 
an Acme Engineer as close 
as your telephone, ready and 
willing to lend his assistance 
just for the asking. When 
your drive problems require 
service, call Acme. 


Write De pt. 6-H 
for new ill. 100 page cata- 
log with engineering section. 


RELIABLE CHAIN DRIVES FOR ALL INDUSTRIES 





ROLLER CHAINS, SPROCKETS, CONVEYOR CHAINS, FLEXIBLE 
COUPLINGS, ATTACHMENTS. (Special and Standard) 





MASSACHUSETTS 
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3 -IN-ONE 


AMCO ENCLOSURE SYSTEM 


Provides Cooling, Mounting and Lighting 
in Modular Enclosures for Electronic 
Instruments in Any Installation 


No one type of enclosure meets all environmental and 
physical demands. AMCO has developed 3 complete 
systems integrated into 1 system with interchange- 
able accessories, applicable for both commercial and 
military use. 


CUSTOM...Whenspaceand appearance are critical 
...16 ga. double-channel steel frames, based on 
increments of 19%" widths, supports in excess of 3000 
lbs. Multi-width panels and cowlings give single-unit 
appearance with series mounted racks. Meets EIA 
Standards. 


SEMI-CUSTOM...Heavy-duty, more internal clear- 
ance... 14 ga. box-channel steel frames, 12 ga. gusset- 
ing provides exceptional rigidity both front-to-back 
and side-to-side. Frames based on 22!%” increments 
provides clearance for recessing 19” wide panels. 
Meets EIA Standards. 


ALUMINUM...Unique! Meets any size...almost any 
configuration from 6 basic parts...3 castings and 3 
extrusions. Any size from 6” to 20 ft.; any slope from 
0° to 90° is standard. Mil Specs strength and material 
(6061-T6 extrusions and 356-T6 castings). 

Amco manufactures all necessary blowers, chassis 
slides, doors and drawers, writing surfaces, cowling 
lights and other accessories. Check the extra sav- 
ings you get thru Amco’s combined-discount system 
of racks and accessories. PLUS FREE ASSEMBLY. 


Amco is your one complete source of Modular Instru- 
ment Enclosure Systems and Accessories. Write today 
for catalog of complete specifications. 

— 


REALISTIC 3 WEEK DELIVERY 





Factory trained representatives in principal cities 
of U.S. and in Canada. 


AMCO ENGINEERING CO. 


7333 West Ainslie Street, Chicago 31, Illinois 
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to either side of a piston. O-ring 
construction assures a_ leakproof 
seal for economical, long-lasting, 
trouble-free service. A ball bearing 
and an Oilite sleeve bearing are 
used to eliminate radial load on the 
O-ring. Deublin Co., 1919 Stanley 


St., Northbrook, III. 
Circle 650 on Page 19 


Air Clutch 


mounts anywhere 
on shafts or motors 


Model MW air clutch for applica- 
tions to 10 hp has a unique mount- 
ing arrangement which permits at- 
tachment anywhere on a shaft or to 
a motor. Pictured is center-shaft 


mount. Unit is self-adjusting, and 
is both a clutch and motor sheave. 
No rotary joint is needed. Control 


can be manual or automatic with 
special control-panel attachment. 
Clutch provides shockless _ starts 
without overheating. It hooks up 
with 3V _ beits, or can be pilot 
mounted for special sheaves and 
sprockets. Horton Mfg. Co. Inc., 
1179-15th Ave. S.E., Minneapolis 
14, Minn. 

Circle 651 on Page 19 


Photoelectric Controller 


has sensing range from 
fractions of an inch to 8 ft 


PE-601 transistorized photoelectric 
controller consists of a_ transistor 
amplifier and a power supply pack- 
aged in a plug-in unit measuring 
2x 2x 1% in. Light sources and 
cell are contained in 2 x 114 x 
14-in. aluminum housings. System 
operates from 115 v ac, 50/60 cycles, 
with power consumption of less than 
3 w total. Sensing range is from 
fractions of an inch to 8 ft. In- 
tegral sensitivity adjustment pro- 
vides for wide range of applications 


MAacHINE DEesIGN 





RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 





Technical-ities 
By Fred E. Graves 
Fastening of 
"blind hole” joints 


Holes which don’t go all the 
way through a solid member 
must be tapped, of course. In 
shallow, small holes, in non- 
critical fastening, and in soft 
materials thread cutting screws 
work well and save time. 

But fastening large flanges, 
pressure plates, heads and the 
like to costly castings needs 
more precise production. These 
holes are 4” diameter and 
larger, affect design strength. 

THREAD EFFECTS 
Such holes are coarse threaded. 
The coarse threads develop 
more thread strength than do 
fine threads, also take fewer 
turns in assembly. Studs go 
into the holes with an interfer- 
ence thread fit; hex screws with 
a simpler clearance fit. 

Desirably, studs should all 
be driven to same depth and 
bottomed. Because of normal 
manufacturing differences, 
various mismatched high and 
low tolerances will cause studs 
to project unevenly. Assem- 
blers often have to juggle. No 
such problem exists with hex 
screws. You just tighten to 
specified preload. And there’s 
no double driving operation, as 
with stud plus nut. 


STRENGTH OF BLIND JOINTS 
Tapped holes behave like nuts. 
Their threads adjust elastically 
and plastically to distribute 
stress and develop high thread 
tension. Is this harmful in re- 
peated disassemblies? Not at 
all. Hex screws have been in- 
stalled 50 times in cast iron 
test blocks, then tightened to 
failure without damage to 
tapped holes, 
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Clamps like a hex screw 
Grips like an anchor 


























Tensilock® screws offer you the 
ideal combination of high clamping 
force and high locking power. 

While a standard high strength 
hex screw can be tightened to a 
higher thread tension, its off-torque 
is less than its on-torque. 

ANCHORED IN PLACE 

The “Tensilock” screw features 
ratchet action teeth formed at an 
angle which will cut driving effort 
to permit you to utilize more of the 
full strength of screw. At equal 
driving torque, it not only develops 
90% of the strength of a high 
strength hex screw but also takes 
25% more torque to loosen than 
to tighten. 

Because of the flange’s concentric 
groove, it flexes, allows the screw to 
bear down solidly on its seat and 
develop a high level of thread ten- 
sion. At the same time the teeth 
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embed themselves, are aided in 
maintaining their grip by pressure 
of the spring-action flange. 


MAKES GOOD FRICTION-TYPE JOINT 


Clamping force from Tensilock fas- 
teners is sufficient to prevent slip- 
page of fastened members where 
holes are oversize or eccentric. Grip 
of the teeth keeps fasteners tight 
under conditions of vibration or 
cyclic temperature changes. RB&W 
“Tensilock” Nuts also 

available. Write for 

sulletin TL-2. Rus- 

sell, Burdsall & Ward 

3olt and Nut Com- 

pany, Port Chester, 

New York. 


® Registered and Patented 


Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, Ill; los Angeles, Calif. Additional 
sales offices at: Ardmore (Phila.), Pa., Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 
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BHEW engineers are trained spe- 
cialists who can save you time and 
money. BHEW products are noted 
for their dependable performance, 
long life and easy maintenance. 
Next time you have design and ap- 
plication problems, discuss them 
with BHEW—you'll profit more ways 
than one! 


e Basic Designs e Specific Adaptations 
e Superior Quality e Application Engineering 


BENTON HARBOR ENGINEERING WORKS, INC. 
622 Langley Avenue « St. Joseph, Michigan 
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from detecting glass diodes to the 
detection of translucent sheets of 
paper and linen. Counting rate is 
up to 2000 counts per min. Unit 
can be light or dark-operated. Syra- 
cuse Electronics Corp., P. O. Box 
566, Syracuse 1, N. Y. 

Circle 652 on Page 19 


Subminiature Terminal Block 


features slotted nuts 
for fast assembly 


Type 409-1802 subminiature termi- 
nal block is adaptable to aircraft 
electronic and electrical use where 
miniaturization is of prime import- 
ance and high vibration and shock 
conditions exist. Molded-barrier 
block measures 5/16-in. over-all 
width, and accommodates up to 21 
terminals plus mounting holes in 
an over-all length of 4%%_ in. 
Threaded stud and slotted-nut ter- 
minal is incorporated to facilitate 


easier initial and maintenance con- 
nections. Kulka Electric Corp.. 
633-643 S. Fulton Ave., Mt. Vernon, 


7. s. 
Circle 653 on Page 19 


Miniature Potentiometer 


has resistance range from 
50 to 200,000 ohms 


Model 160 miniature, ten-turn pre- 
cision potentiometer, in an anodized 
aluminum housing, has a standard 
linearity tolerance of +0.5 per 
cent. Special linearity tolerances to 
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+0.05 per cent can also be fur- 
nished. Terminals are mounted on 
the rear housing lid and protrude 
from the end, providing a true 1/- 
in. diam unit without projections. 
Mechanical stops withstand a 20 
oz-in. force. Standard resistance 
range is 50 to 200,000 ohms +4 
per cent, and operating temperature 
range is —55 to +125C. Power 
rating (40 C ambient) is 2.5 w. 
Maximum starting torque is 0.75 oz- 
in., running torque, 0.5 oz-in. Mod- 
el is available in either bushing, 
screw, or servo mount. Spectrol Elec- 
tronics Corp., 1704 S. Del Mar 
Ave., San Gabriel, Calif. 
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Solenoid Valves 


hold operating position 
until energized 


New solenoid valves meet the re- 
quirements of military specification 
MIL-S-901B, and are approved for 
use on high-impact, shockproof 
equipment in hydraulic and air serv- 
ices. They hold operating position 
until energized, even though sub- 
jected to 400 g. Designed around 
the Lo-torq principle, valves are 
two-position, direct-acting units. 
They are available for service to 
4000 psi with two solenoids, or to 
2000 psi with one solenoid and 
spring return, Lo-torq seals wipe 
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EARBELT DRIVES 


GEARBELT ADVANTAGES: 
A POSITIVE DRIVE. Noslip, creep 
or backlash. 


> STEEL CABLE strength member 
will not stretch, needs minimum 
take-up. 


> FREEDOM from high initial belt 


tension. Reduces bearing loads, 
increases life. 

p> COMPACT. Gearbelts permit 
smaller pulleys, shorter centers, 
narrower belts. 
LIGHTWEIGHT. High horsepower- 
to-weight ratio. 


LESS NOISE. No vibration, no 
chatter. 

> LESS HEAT because virtually no 
friction. 

> SPLIT TAPER BUSHING grips pul- 
ley on shaft with vise-like pres- 
sure. Quick, easy mounting and 
removal, 


Here is a versatile new drive that provides 
high mechanical efficiency p/us the inher- 
ent flexibility of belts. Browning Gear- 
belts engage matching pulleys with the 
positive action of gears, yet without their 
disadvantages. They eliminate metal-to- 
metal contact, lubrication, vibration, 
chatter. Require minimum maintenance. 

Browning Gearbelt Drives provide cost- 
saving advantages in scores of applica- 
tions, particularly those which require 
high capacity in limited space, or freedom 
from stretch and take-up. Ask your 
Browning distributor for complete infor- 
mation, or write us for Catalog GB-20}. 


Browning Manufacturing Company 
Maysville, Kentucky 
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v2 & 3 DIMENSIONAL MASTER CAMS 
7 EXPERIMENTAL CAMS 
~ PRODUCTION CAMS 


CYLINDRICAL 
TRACK CAM 


8 DIMENSIONAL CARS 


CONTROL CAMS 
FOR AUTOMATION, 
MISSILE GUIDANCE, 
NAVIGATION, 

JET FUEL METERING 
MACHINE TOOL 
CONTROL, ETC. 








DESIGN & DEVELOPMENT OF 
SPECIAL CAM CONTOURS 


@ PRECISION MACHINING of 


@ CAM PRODUCTION 
@ CAM INSPECTION 


SEND FOR 
BROCHURE 
2D-3D CAMS! 





STANDARD COMPONENTS 


@ PRECISION MACHINING of @ CAM DESIGN and 


IRREGULAR CONTOURS 


CONSULTATION SERVICE 
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Job-Designed Threaded Parts for Every Industry 


Here is a fast, dependa- 
ble, low cost, quality 
minded source of supply 
for JOB-DESIGNED 
threaded parts and fas- 
teners of ali types, in any 
metal, to fit vour own 
particular assembly 
problem. Recognize the fact that a fas- 
tener designed specifically to fill a seem- 
ingly: complex assembly requirement can 
easily cost less than design modification 
to accommodate so-cailed standard rivets. 
Assembly costs are a very major part of 
manufacturing expense. Most of this is 
labor. The fastening medium itself is usu- 
ally a minimum item. If a Job-Designed 
fastener makes assembly simpler and 
faster, permits the use of fewer fasteners, 


ekttell| 


allows the designer functional freedom 
and improves product efficiency, yours is 
a specifying job well done. All these possi- 
bilities are available when you come to 
Hassall for design assistance and quota- 
tion on challenging, difficult or unusual 
rivets, threaded nails, drive screws and 
other cold headed parts. Short or long 
runs, pilot quantities, engineering counsel, 
over 100 years of intimate association 
with cold heading—and a deep apprecia- 
tion and regard for the concept of value 
analysis—all are a part of the Hassall 
service to you. 


Send for a copy of our latest catalog. 


JOHN HASSALL, INC. 


MANUFACTURERS SINCE 1850 


P.O. Box 2197+ Westbury, Long Island, N.Y. 
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the sealing surfaces clean as they 
slide across the disc. Seals are 
dynamically loaded to reduce torque. 
Subplate mounting permits removal 
of a valve for servicing without 
disconnecting lines. Republic Mfg. 
Co., 15655 Brookpark Rd., Cleve- 
land 35, Ohio. 

Circle 655 on Page 19 


Small Bellows 


thimble-size unit 
is lightweight 


Sensitive bellows is available for use 
in a force balance or closed-loop 
pressure transducer. Bellows, about 
the size of a standard thimble, is 


t 


a lightweight unit which provides 
high reliability for close dimensional 
control, accurate pressure response, 
and long life. Metal Bellows Corp., 
3031 Mica Lane, Wellesley, Mass. 

Circle 656 on Page 19 


Transmission 


5-hp unit provides almost 
instantaneous reversing 


New 5-hp transmission, Electro- 
mission, provides high-speed posi- 
tioning, reversing, and sequencing of 
loads for industrial servo systems 
and automated systems using card 
or tape control. Unit provides re- 
versing within 0.2 sec under the 
most severe conditions. Transmis- 
sion consists of an input and an out- 
put shaft, connected through either 
a gear drive or a chain drive, de- 
pending upon the status of two op- 
posing electromagnetic clutches. Fea- 
tures and advantages include built- 
in amplification, low power require- 
ments, and output speed choice. 
Transmission controls large amounts 
of power through use of very small 
control signals. Rated 5 hp at 1750 
rpm, unit transmits torques in excess 
of 250 lb-in. under transient con- 
ditions; capability under steady-state 
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conditions at any desired speed is 
180 lb-in. Industrial Div., Airborne 
Accessories Corp., 1414 Chestnut 
Ave., Hillside 5, N. J. 

Circle 657 on Page 19 


Relay-Conversion Kits 


for modifying relays 
quickly aud easily 


Thirty color-coded relay-conversion 
kits, together with an information 
chart, permit rapid modification of 
standard types of relays in the PM 
line to meet virtually any switch- 
ing-circuit control requirement. Each 
kit is packaged in a cardboard 
box in one of ten different colors. 
Total of 24 different pole kits is 
available with types of contacts for 
virtually any application. To as- 
sure positive relay operation with 
maximum life, strength of the mag- 
net coil must match the mechanicai 
load on the magnet. Coil-applica- 
tion system enables selection of the 
proper coil for optimum operation 
of any particular relay. Section of 


the chart includes complete mag- 
net-coil application data. Clark 
Controller Co., 1146 E. 152nd St., 


Cleveland 10, Ohio. 
Circle 658 on Page 19 


Couplings and Connectors 


taking the 


overload off 


The trouble with using fuses to protect 
transistors from short period overloads or 
fault currents is simple: the transistor is 
by far the better (and faster) fuse. It can 
also be called too much “thermal inertia” 
on the part of the fuse, but the transistor 
still ends up the same way. 


As fate * would have it, a prominent 
relay manufacturer has now come to the 
rescue. We’ve devised a simple little 3- 
terminal device that will prevent destruc- 
tion of transistors by DC overloads. It’s 
working in customers’ equipment, and 


operates in 1 to 5 milliseconds 
limits the transient, with a com- 
plete short circuit, to a maxi- 
mum of 5 times the set value 
interrupts 
amperes 
can be reset (locally or remotely) 


currents up to 5 


or designed to cycle 

will operate a local or remote 
warning light, buzzer, etc. 

can be supplied in a wide vari- 
ety of set points 


*and our New Business Program 


— — operates within +20% of its 
set point 
— — doesn’t cost all outdoors 


You do have to allow for the resist- 
ance this overload protector introduces 
into the circuit, but it’s in the order of 
1 to 5 ohms and the voltage drop is a 
few millivolts, less than one-tenth the 
voltage drop of the conventional circuit 
breaker. 


To those who might question the 
economics of spending more than the 
transistor’s cost just to protect it, keep 
the alternatives in mind. If the burned 
out transistor(s) lets a machine produce 
a carload of 4-foot yardsticks or causes 
a few hours of expensive down time, the 
protection is cheap. (Ever rented a 
computer?) 


If you’d like some block diagrams of 
typical uses and an assortment of repre- 
sentative values and ratings, write to us, 
care of our Current Fault Division. 


are available for 
vacuum systems 


—¢ it 


SIGMA INSTRUMENTS, INC. 
89 Pearl Street, So. Braintree 85, Mass. 


AN AFFILIATE OF THE FISHER-PIERCE CO. 


New couplings and connectors em- 
ploy Neoprene O-rings to provide 
convenient, positive vacuum connec- 
tions with a minimum of extra com- 





January 5, 1961 Circle 491 on Page 19 





STANDARD 
single and double clutches 
or brakes 


DESIGN PRINCIPLES OF THE 3 BASIC TYPES 


The Maxitorq Clutch is completely assembled on the clutch body and 
shipped ready to slip onto a shaft..Separator springs ...an outstanding 
feature... assure the advantages of truly floating discs. Used between 
each pair of inner discs, they spread them endways with an accordian 
action so that light can be seen between all discs when the clutch is in 
neutral. The floating disc feature makes certain that there’s no drag... 
no abrasion ... and consequently no heat when the clutch is in neutral. 

A locking plate on the disc end of each clutch (two on the double types) 
tocks all discs against tension developed by the separator springs. Manual 
adjustment is made by raising the lock spring, then turning the adjusting 
ring to give the desired shifting pressure. 

Note that assembly adjustment and take-apart are all manval...no 
tools required. 

Standard Maxitorq Clutches are available in single and double types, 
wet or dry... also in pulley and cut-off coupling types. Capacities to 15 
h.p. at 100 r.p.m.Write Dept. MD for bulletin today. 
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ponents. Line includes couplings for 
standard tubing, feed-through elec- 
trodes, connectors, gage ports, re- 
lease valves, caps and nipples, and 
reducers. Centra] Scientific Co., 
1700 Irving Park Rd., Chicago 13, 
Ill. 

Circle 659 on Page 19 


Electronic Counter 


accepts input pulse 
as short as 120 mu sec 


Count/Pak electronic counting sys- 
tem, designed as a completely pack- 
aged unit, uses a photoelectric pick- 
up for sensing and actuation, It ac- 
cepts an input pulse as short as 120 
mu sec, and includes a special cir- 
cuit to provide accuracy and high 
speed. Other features include a 
counting rate of 3000 cpm, instant 
reset, and life cycle of over 100 
million counts. In addition to pho- 
tohead actuation, unit works with 
a variety of pick-up devices, in- 
cluding proximity and . influence 
switches, magnetic pick-ups, impact 
switches, and contactors. Electronic 
Controls Div., Veeder-Root Inc., 


Danvers, Mass. 
Circle 660 on Page 19 


Tantalum Capacitors 


nonpolar units have 
0.16 to 160 mf capacitance 


Series N capacitors are made non- 
polar by the back-to-back connection 
of two Series J solid-tantalum ca- 
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pacitors of identical value. Com- 
pact unit is then placed in a rigid 
plastic sleeve. Capacitors are avail- 
able in capacitance values ranging 
from 0.16 to 160 mf, and in work- 
ing voltages of 6, 10, 15, 30, 35, and 
50 v for continuous operation at 
85 C. Developed primarily for ac 
circuits, they can be used in de 
circuits if the combined dc voltage 
superimposed on the ac voltage does 
not exceed the working voltage rat- 
ing. Kemet Div., Union Carbide 
Corp., 11901 Madison Ave., Cleve- 
land 1, Ohio. 

Circle 661 on Page 19 


Phone Plug 


is for use with 
miniaturized jacks 


Micro-Plug miniature phone plug is 
1/25th the size of standard phone 
plugs, by volume. Designed for use 
with miniaturized jacks, it has ap- 
plications in transistor radios, min- 
iature electronic equipment, com- 
puting devices, and tape recorders. 
Five types of handles are available. 


Construction of tip and sleeve is 
machined brass, bright nickel plat- 
ed. Insulation is molded nylon, and 
sleeve terminal is tinned brass. 
Switchcraft Inc., 5555 N. Elston 
Ave., Chicago 30, IIl. 

Circle 662 on Page 19 


Tube and Pipe Fitting 


withstands extremely 
low or high temperatures 


Conoseal Union Fitting is available 
for small diameter sizes from 1% 
to l-in. tube OD. Designed to with- 
stand extremely low or high tem- 
peratures, and high pressures or 
vacuum where leakproof sealing is 
a requirement, all-metal fitting as- 
sures dependable sealing without 
leakage on applications with tem- 
peratures from —450 to +1500F 
and pressures to 16,000 psig. The 
fitting is particularly suited for join- 
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>» Holtzer-Cabot Solves Fractional H.P. Motor Problems 


12 MONTHS 
CONTINUOUS OPERATION 
at ambients up to 176 °F. 


A leading instrument manufacturer*, had the problem 
of continual motor failures after 2 to 3 months service 
in an instrument which required a minimum of one year’s 
continuous duty in maintained ambients up to 80°C. 
(176° F.) 

The thermostated, infra-red instrument in which the 
motor was to be used, required a 24-hour stabilizing 
period, dictating that no maintenance be performed. 

To solve this problem, engineers from both the instru- 
ment company and from Holtzer-Cabot cooperated in the 
development of a motor with increased radiation area, 
plus reduced power input. This resulted in a motor tem- 
perature rise of only 20° C. as compared with 35° C. in the 
motors formerly used. 

To provide positive lubrication, grease reservoirs were 
provided outside the bearing and a long-life stable grease 
suitable for high temperature was selected. 

The result was a motor which has now been in success- 
ful operation for over 12 months without any motor 
failure or trace of bearing wear. 

* Name on request 

Write for Information! Holtzer-Cabot specializes in the design 
and manufacture of fractional horsepower motors for 
all types of applications. For complete details on Holtzer- 
Cabot motors for specific applications, and a copy of 
“Key Factors in Selecting AC Motors for Instrument 
Service” write direct or use Readers Service Card. 


HOLTZER-CABOT 


MOTOR DIVISION 
National Pneumatic Co., Inc., Boston 19, Mass. 
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BINS FULL OF STOCK! 


If you use alloy steels in your operations, you will find Wheelock, 
Lovejoy a most useful ally. W-L offers you complete servicing of your 
alloy steel needs. There are seven strategically-located W-L ware- 
houses, each of which is fully staffed by veteran metallurgists, ready to 
give you expert advice as to grades, applications, heat treating, etc. 

Each W-L warehouse maintains complete stocks of alloy steels, 
including standard AISI and SAE steels, and our own HY-TEN steels, 
which offer advanced metallurgical features at competitive prices. 

With Wheelock, Lovejoy, you merely order the steel you need—as 
you need it — in specified sizes, shapes, grades and treatments. 

For service that’s complete, and completely satisfactory, call the 
W-L branch nearest you. 


W-L STEEL SERVICE CENTERS — Cambridge « Cleveland 
Chicago ¢ Hillside, N. J. * Detroit ¢ Buffalo « Cincinnati 


AGENTS — Southern Engineering Company, Charlotte, N.C.; 
Sanderson - Newbould, Ltd., Montreal & Toronto 


“The Alloy Steel Center” 


WHEELOCK, 
LOVEJOY iis: 


& COMPANY, INC.) sc 
SERVICE CENTER 
134 Sidney St., Cambridge 39, Mass. \_!NSTITUTE _) 
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ing critical pneumatic, hydraulic, or 
fuel lines, cooling and heat-trans- 
fer lines, and pressure or vacuum 
lines. It can also be used as a tran- 
sition joint to connect dissimilar 
metals. Normally all components 
are stainless steel to prevent cor- 
rosion. Marman Div., Aeroquip 
Corp., 11214 Exposition Blvd., Los 
Angeles 64, Calif. 

Circle 663 on Page 19 


Metal Hose 


has high fatigue life 
and is easily cleaned 


Hi-Flex metal hose is available in 
sizes from 14, to 114 in., helically 
convoluted, braided, or unbraided. 
It incorporates improvements in 
flexibility, pressure ratings, fatigue 
life, and ease of cleaning. Hose is 
designed for exacting applications in 
the industrial field in both main- 
tenance and original equipment. 
Formed with premium-quality tub- 
ing, hose has single longitudinal 
weld and smooth helical convolu- 
tions which make it easily cleaned 
to high levels for cryogenic and 
sensitive applications. Suggested 


Th) 
I} |) 


working pressures in the !/,-in. size 
are as high as 4500 psi with static 
bend radius of 1.03 in. Flexonics 


Corp., Bartlett, Ill. 
Circle 664 on Page 19 


Adjustable Switch 


has operating ferce of 
12 to 32 oz 


Adjustable differential travel is a 
feature of a new basic switch, desig- 


nated 10BS210. Knurled wheel on 
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top of the switch permits differen- 
tial travel adjustment from 0.0025 to 
0.007 in, Changing differential trav- 
el changes contact-break distance, 
pretravel distance, and operating 
and differential forces. Operating 
force varies from 12 to 32 oz and 
differential force from 2 to 15 oz. 
Release force remains at 10 oz re- 
gardless of differential setting. 
Switch is especially suited for con- 
trolling pressure controls or blower 
fans. Adjustment wheel permits ex- 
tremely sensitive control of on-off 
cycles. Switch is rated at 20 amp 
at 120, 250, or 460 v ac; % hp at 


115 v ac; 114 hp at 230 v ac. Micro 

Switch Div., Minneapolis-Honey- 

well Regulator Co., Freeport, III. 
Circle 665 on Page 19 


(lluminated Pushbutton 


incorporates color-coded, 
molded-type transformer 


Oiltight, illuminated pushbutton 
combines the functions of a push- 
button and an indicating light in 
a single unit. Unit incorporates a 
color-coded, molded-type transform- 
er that is designed to be immune 
to voltage-surge lamp damage. De- 
vice can operate with multiple-con- 
tact blocks with any combination 
of normally open or normally closed 
contacts. Other features include base 
and one-hole mounting, function- 
ally styled plastic lenses in red, blue, 
amber, green, clear, or white, and 
a positive mechanical “feel.” Push- 
button is available for standard 
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GRAYLOC 





HOLDS 
HELIUM AT 
1000 PSI 


Taper angle of seal-ring 
lips is slightly less than 














In atomic energy service, GRAYLOC 
pipe connections have been specified 
to. eliminate the leakage of helium at 
1000 psi with working temperatures to 
1000° F. This is just one of the many 
new applications for GRAYLOC found 
almost daily by design engineers. 
GRAYLOC is an all metal assembly 
that can be quickly disconnected. It 
employs a pressure-aided seal ring that 
closes by spring action and is re- 
usable. The entire assembly is smaller 


6007 P. O. BOX 2291 


HOUSTON 1, TEXAS 


es 


that of mating hubs. Tight- 
ening clamp causes seal- 
ring lips to deflect, form- 
ing seal by spring action 


and weighs less than ordinary, flanged 
connections. 

Manufactured in standard stock 
sizes from 1” to 30”, GRAYLOC con- 
nections can be made of corrosion 
resistant metals to meet any specifica- 
tions. Special sizes can be provided 
on request. 

Learn how GRAYLOC pipe con- 
nections can save you time, space and 
money. Write today for the new 
GRAYLOC catalog. 


GRAYLOC SALES DIVISION 


Tool Company 


Riverside 77-1240 
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VULCAN 
FINNED HEATERS 


You get a lot of hot air with 
Vulean Finned Strip or Tubu- 
lar Heaters in such applications 
as blower type electric unit 
heaters; duct heating; unit 
convection heating; as oven or 
space heaters in dryers, pump 
rooms, etc.; baseboard room 
heaters — and many other 
applications. 

And this is no “hot air’: 
Vulcan Finned Heaters provide 
six times more effective heat 
transfer surface than similar 
non-finned elements. They are 
available in a wide range of 
sizes, wattage and voltage rat- 
ings, sheath materials, and 
terminal construction. Finned 
tubular heaters may be formed 
in a variety of hairpin bends. 


Write for catalog and prices. 
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voltage ranges from 110 to 550-v 
applications. Cutler-Hammer, 328 
N. 12th St., Milwaukee, Wis. 

Circle 666 on Page 19 


Air Regulator 
is quick-adjusting unit 


Model 2016 compressed-air regu- 
lator incorporates a lever and coarse 
adjusting screw in place of standard 
fine thread and tee-handle adjust- 
ment screw. A 180-deg turn of the 
lever adjusts regulator from 0 to 
60 psi; a 360-deg turn adjusts it 
from 0 to 125 psi. Maximum pri- 
mary (inlet) pressure is 300 psi 
and maximum secondary (outlet) 
pressure of standard unit is 125 psi. 
Regulator has two gage ports or 


three outlets, is self-relieving or non- 


| relieving, has balanced-valve con- 


struction and nylon-reinforced dia- 
phragm. Internal metal parts are 
brass with a BunaN soft seat, and 
external metal parts are die cast 
Quick-adjusting unit is 
5 in. high and 3 in. across the body 
from inlet to outlet. Lever is 6 
in. long and has black plastic knob 
on the end. Unit weighs 21% Ib. 
Wilkerson Corp., 1646 W. Girard 
Ave., Englewood, Colo. 

Circle 667 on Page 19 


Hysteresis Synchronous Motor 


tiny unit provides 
high efficiency 


Size 8 hysteresis synchronous mo- 
tor is only 0.96 in. long. It meets 
environmental requirements of 
MIL-E-5272, and provides constant- 
speed drive for computers and navi- 
gational devices. Designated Model 
A3361, the 400-cycle unit provides 
high efficiency and hunt-free syn- 
chronous rotation. Torque is 0.025 


HOW SMALL 
| do you want ’em? 























Hannifin offers new “‘Midget- 
Air’’ 200 psi cylinders in %”, 
1”. and 1%” bores, double- 
acting or spring-return. Two 
basic models, “‘universal’’ and 
‘*nose-mounting.” Universal 
models come drilled and tapped 
for mounting, or for use with 
any combination of the mount- 
ing attachments pictured. De- 
livery is off-shelf in standard 
strokes, shipment in ten days to 
specified stroke lengths. Want 
dimensions and prices? Write: 


ARKER 
ANNIFIN 
CORPORATION 


PNeEuMatic ano Hyvorautic 
SYSTEM GQMPonents 


HANNIFIN 
COM PANY 
A DIVISION 

515 South Wolf Road 
e Des Plaines, Illinois 
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ay CLOCK 
APPLICATION PROGRAMMING 


HANSEN systems 


OY MCHROL using reset clock movements 


TIMING MOTORS powered by Hansen SYNCHRON motors 


MINNEAPOLIS-HONEYWELL REGULATOR 
oz-in. and weight is 1.25 oz. Syn- COMPANY incorporates Hansen SYNCHRON 
chronous speed is 8000 rpm at 55 v. Clock Movements in its Indicating Clocks and 
Single and double-phase designs are Master Control Systems — for installation in 
available. Total power is Siew ES schools, raraempPicops «9 war ens Bg 
: a ever accurate time must be maintained. Single- 
Kolen Siew Cop, Pe ee. dial Indicating Clocks are coordinated by 
Master Clock Programming, with automatic 
‘ correction — to compensate for deviations 
Electric Reset Counter ‘ j caused by current fluctuations —. available 
ee Y ; ? either on an hourly or 12-hour correction basis. 
is six-digit unit having | - Hourly correction resets the clock which may 
speeds to 1000 counts per min | | be from 55 seconds fast to 59 minutes slow 
depending on current fluctuations, at two min- 
utes before the hour. The 12-hour correction 
occurs between 5:00 and 5:30 o’clock, auto- 
matically resetting clocks up to 12 hours slow. 





Circle 668 on Page 19 


Remote reset by pushbutton, me- 
chanically operated switch, photo- 
electric, electronic, or other type 
relay is featured in CE-620 electric if 
reset counter, The six-digit counter ° HANSEN SYNCHRON CLOCK MOVEMENTS 
registers one count for each actuat- “ were chosen by Minneapolis-Honeywell because 
ing impulse and is operated at of satisfactory power and dependability expe- 
speeds to 1000 counts per min. Unit rienced by a previous supplier to the firm. 
can also be adapted for varied ap- | Hansen SYNCHRON motors are connected to 
plications. Electric reset circuit. re- reset movements through a gear, clutch and 
quires 0.100-sec contact to make; cam arrangement. The civck systems operate 
Gihed senet tint 8 tin: Ua is 6 with 60-cycle and 24-volt motors, on 115-volt 
. current — generally most readily available on 
typical installations. 
SEND TODAY for informative folder containing specifications 


and technical data on all Hansen SYNCHRON motors and 
clock movements. 





in. wide, 4 in. high, and 514 in. 
deep. PIC Automation Controls 
Div., General Controls Co., 8062F 
McCormick Blvd., Skokie, III. 

Circle 669 on Page 19 


Solenoid Valves HANSEN REPRESENTATIVES: 


have maximum pressure THE FROMM COMPANY 
of 40 to 4 psi «)) 5150 W. Madison, Chicago, Illinois 


a} H. C. JOHNSON AGENCIES, INC. 
Low-cost, direct-acting solenoid - varammalding Bettis i N. Y. 
valves feature positive closing, full a BB ciecrric MOTOR ENGINEERING, INC. a 
pipe-area orifices, solenoid protected CUR MRA EAL cMm Los Angeles, Calif. — (Olive 1-3220) 
and mounted in hinged electrical ole ame Ooklond, Colifornica 
2 Baa ITTT OEE WINSLOW ELECTRIC CO. 
knock-out box, molded epoxy resin New York, N.Y. — Essex, Conn. (SOuth 7-8229) 


coils, and renewable composition Philadelphia, Penn. Cleveland, Ohio 
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NEW... RELIABLE 


ELECTOMIC 
CLUTCHES 
and BRAKES 


Both the Electomic Dry Magnetic 
Particle Clutch and Brake feature: 


@ Fast response time — better than 
5 milliseconds @ Excellent linearity 
— an important factor in computers 
@ Few moving parts — to assure long 
life operation @ High torques ®@ 
Smoothness @ No chatter 


Type MPC-15 Electomic Clutch 
transmits high torque .90 in.-lb., per 
watt of input power. @ Speed: 5000 
RPM max. @ Output Inertia: 1.85 gr. 
cm’ @ Input Inertia: 21.5 gr. cm’® @ 
Weight: 8 ounces max. @ Resistance: 
140 ohms +5% @ Dielectric Strength: 
500 VDC e Life: 100,00C clutch cycles 
min. ® Response Time: Better than 5 
ms. @ Environmentally tested to meet 
or exceed Mil-E-5272C 


Type MPB-15 Electomic Brakes are 


designed for high braking 2.5 in.-lb., 
per watt of input power. @ Speed: 
5000 RPM max. @ Total Inertia: 2.0 
gr. cm’ @ Weight: 8 ounces max. 
@ Resistance: 300 ohms +5% @ Di- 
electric Strength: 500 VDC e Life: 
100,000 braking cycles min. @ Re- 
sponse Time: Better than 5 ms. @ 
Environmentally tested to meet or 
exceed Mil-E-5272C 


For details write, 
wire, or call 


©12-60 


TECHNOLOGY INSTRUMENT CORP. 


531 Main Street, Acton, Massachusetts 
COlonial 3-7711 
Brochure will be sent upon request. 








Circle 499 on Page 19 
184 


NEW PARTS AND MATERIALS 





discs. Known as Type MDW, line 
consists of general-service valves in 
eight sizes from ¥ to 2!/, in. Valves 
are bronze, two-way packed type, 
spring loaded for positive closing. 
Maximum pressures vary from 40 
psi in 3% and 14-in. sizes to 4 psi 
for 2-in. valves. J. D. Gould Co., 
4707 Massachusetts Ave., Indian- 
apolis 18, Ind. 

Circle 670 on Page 19 


Fixed Capacitors 


meet provisions of 


MIL-C-27287 


Lectrofilm B capacitors, fixed plas- 
tic dielectric units using nonmetallic 


tubular cases, now meet or exceed 
provisions of MIL-C-27287. Units 
are primarily designed for applica- 
tions in missiles, computers, and 
other commercial and military 
equipment where long life and low 
failure rates are critical. Capacitors 
operate at ambient temperatures 
from —55 to 125 C. At 125 C, 
voltage ratings of 50, 100, 200, and 
300 v de are available, while at 85 
C, ratings of 100, 200, 400, and 600 
v de can be obtained. Microfarad 
values for the units range from 
0.001 to 1.00 mf with case sizes 
varying from 0.172 in. diam by 7/16 


in. long to 0.548 x 19/16 in. Gen- 
eral Electric Co., Schenectady 5, 


N. Y. 
Circle 671 on Page 19 





POST 
ELECTRONIC 
PRODUCTS 


NEW! 
MH-2-P Magnetic Switch 


A new and improved sensing de- 
vice . . . neatly contained in an 
epoxy resin shell. The MH-2-P is 
ideal for industrial applications 
and is easier to mount in areas of 
limited access. A quick discon- 
nect Cannon connector eliminates 
elbow type construction. 

The new epoxy resin housing 
results in less magnetic flux and 


RLX-618 p vai 7 


RLX-610 


: 


agit 


increased sensitivity. As a con- 
sequence, smaller magnets can be 
used and manufacturer reports a 
minimum magnetic field transient 
time of only 8 milliseconds is 
needed to activate the switch. Op- 
erating life is in excess of one 
billion operations. 


Write For Bulletin MH-2-P 


POST ELECTRONIC PRODUCTS 


Division of Reid Brothers Company, Inc. 
12 LOTHROP ST. / BEVERLY, MASS 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Math Calculator 


T-in. diam unit 
provides much data 


Mathfaster calculator simplifies dif- 
ficult and frequently used mechan- 
ical calculations by condensing 
commonly used information into a 
circular, 7-in. diam unit. Unit 
permits rapid addition or subtrac- 
tion of fractions, and provides im- 
mediate access to such information 
as: Decimal equivalents of frac- 
tions; illustrated dimensions of 
round, flat, socket, or fillister head 
screws and nuts; tap drills and 
threads per inch of NC and NF 
screws; decimal size of letter and 
number drills; diagrammed formulas 
for solutions to triangles and areas 


or volume of basic forms such as 
circles, trapezoids, and cones. Also 
included are: Gear and pulley cal- 
culations; gage number and thick- 
ness of standard sheet-metal sizes; 
and frequently used slide-rule con- 
version factors. Pierce Mathfaster 
Calculator, Box 837, Arleta, Calif. 
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Magnetic Tape Recorder 


miniature unit weighs 
only 10 Ib 


Portable magnetic tape recorder, 
Model PMR-500, is designed for pre- 
cise acquisition of data under en- 
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From New York to Los Angeles 
and back-35 times! 


¢ 


annual production capacity of ultra-thin 
metal strip now totals 96 million feet 


Production capacity of ultra-thin metal strip and foil at Precision Metals 
Division of Hamilton Watch Company today is unmatched by any other plant 
in the world. This unique metals processing plant is now capable of an esti- 
mated annual volume of more than 18,000 miles of %” x .000125” strip. 
thicknesses from .100" to .0001" Hamilton precision strip and foil is 
available in virtually any alloy cold rolled in a thickness range from .100” to 
ultra-thin .0001” in widths up to 10”. Precise control of metallurgical and 
physical properties is maintained at all times. 

comprehensive metallurgical facilities The Precision Metals Division is a 
completely integrated metals processing plant with facilities available for de- 
velopment and production. Special alloys 

to your own specifications can also be fur- 

nished in the form you require. For informa- 

tion write today for Facilities Booklet MD-1 ° 

and Technical Data Sheets on such metals 

as Stainless Steel, Magnetic Alloys, Alfenol, 

Havar and Elinvar Extra. 


FSA N7/LTO/N/ 


WATCH COMPANY Precision Metals Division 
‘+. Lancaster, Pennsylvania 


Q ratives COREY STEEL COMPANY + Chicago, Ilinois 
epresentallves FAGERSTA STEELS PACIFIC, INC + Los Angeles, California 
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NEW LINE OF 


UNIVERSAL JOINTS 


For Applications Up to 1750 RPM. 


Here is a line of high quality uni- 
versal joints for all industrial appli- 
cations. Joints are available in an 
extremely wide range of sizes in 
each of the following general types: 


Booted Joints 
Also Special Joints Engineered to Order 


@ .10 to 250 HP. at 100 RPM. 


@ Standard joints operate at 
speeds up to 1500 rpm. and 
heavy duty to 1750 rpm. 


@ Single joints operate through 
e. full working angle of 40° 
and double joints 80° 


@ Made of case-hardened fine 
alloy steels for light weight 
and exceptional durability 


@ Boot provides an effective 
means of proper lubrication 
for heavy load, high speed 
and high heat applications... 
eliminates dust... can be re- 
moved and repacked in field 

* 

Request recommendations for your ap- 

plication. Ask for Bulletin U-60 giving 

detailed information on complete line. 
FIRST 
NAME IN 


UNIVERSAL 
JOINTS 


LOVEJOY FLEXIBLE COUPLING CO. 


4818 W. Lake Street + Chicago 44, Illinois 
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vironmental field or mobile condi- 
tions where low power and weight, 
reliability, and portability are major 
considerations. Measuring only 5 x 
7 x 1044 in. and weighing 10 Ib, 
unit handles data from de to 100 
ke at 30 ips, using AM and FM 
techniques. Any combination of 
record or reproduce totalling seven 
channels can be handled with 1/-in. 
tape on precision 5-in. reels. Reels 
accommodate 900 ft of l-mil tape, 
allowing 6 min of recording at 30 
ips and up to 96 min at 1-7/8 ips. 
Tapes can also be reproduced on 
any standard laboratory-type re- 
corders. Pacific Electro Magnetics 
Co., 942 Commercial St., Palo Alto, 
Calif. 
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Miniature Recorder 
is only 3 in. deep 


Miniature circular chart recorder is 
as small as a conventional meter 
and records any variable that can 
be converted to an electrical sig- 
nal. Only 334 x 334 x 3 in. deep, 
it requires no pen, ink, or ribbon, 
the graph being printed by means 
of a stylus on _ pressure-sensitive 
paper. Simple gearshift mechanism 
in the form of a built-in, three- 
position sliding lever provides a 
three-speed adjustment of the chart 
rotation. The 3-in. diam chart is 





The quickest 

most practical way 
to put strong threads 
in soft materials 


the TAP-LOK’ 
INSERT 


IN SOFTER METALS AND 
PLASTICS... Has full V-form 
external threads to provide 
maximum locking torque 
and permit wide choice of 
mating hole sizes. Recom- 
mended for soft aluminum, 
zinc die castings, sand cast- 
ings and plastics. Meets 
requirements of MIL-MS- 
35914. 


a 


SLOTTED 





FOR HIGHER STRENGTH MA- 
TERIALS. . .Has heavy wall 
and truncated root external 
thread and three-hole cut- 
ting edges for hard-to-tap 
higher -strength materials 
and to meet MIL and other 
specs calling for Class 3B 
thread fit for gaging after 
installation. 














H-SERIES 





FOR SPARK PLUG SOCKETS 
... Designed to eliminate 
thread wear and renew 
damaged threads in spark 
plug sockets in aluminum 
cylinder heads. Available 
from stock for standard 
plug sizes to meet most 
common needs. 


P-SERIES 





FOR WOOD ...Has coarse 
pitch external threads of- 
fering maximum strength in 
combination with ability to 
be driven into thin sec- 
tions without splitting 
them. For furniture, cabi- 
nets and other wooden 
parts where strong, per- 
manent threads are needed, 
or that are frequently as- 
sembled and disassembled. 


W-SERIES 


Another fastener development from — 


TAP-LOK 


GROOV-PIN 
CORPORATION 


1130 Hendricks Causeway, Ridgefield, N. 3. 
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ENGINEERING DEPT. EQUIPMENT | 
extremely legible. Instrument re- | 
cords electrical voltage, current, or Which is the 


power, or any variable such as tem- 


perature or pressure, which can be | 
converted into an electrical signal. 
Four basic types of meter movements 
are available to measure a wide 
range of de and ac electrical quan- 
tities. McGraw-Edison Co., Instru- 
ment Div., Thomas A. Edison In- 
dustries, 61 Alden St., West Orange, 
N. J. 
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or your design? 


Bow Compass 


has rapid 
center-wheel adjustment 





7 


i 





CENTRIFUGAL CASTINGS? 


SAND CASTINGS? 


New 6-in. bow compass is anodized * 
aluminum for light weight and 
proper balance. It incorporates a AN@ 
steel center assembly for durability, 4: a“ 

with nickel spindle caps and sup- 
porting steel parts. Rapid center- 
wheel. adjustment permits circles stiches shin wok eae 
from 7A to 9-in. diam. Plastic tube Biol sid cuuhuesukbheosss0deeseedcddeveseceesncecceedeciigneccéen 


holds the divider needle and 
| 
| 





-* 


shoulder needle points, in addition 
to compass lead and spare parts. 
Entire compass is enclosed in a pro- 
tective vinyl case. Alvin & Co. Inc., 
611 Palisado Ave., Windsor, Conn. 
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ROLLED SHEET and PLATE? 


DC Power Supply FABRICATIONS? 
is regulated to 0.01 per cent * Ampco’s one-source service will provide finished parts to your specifications. 


in 7-in. panel height 
Improved regulated DC power sup- You.can get them all in an 


ply is rated at 0-36 v and 0-20 amp. ® 
Called Model CR-36-20, it is regu- A my PC oO t i 
lated to 0.01 per cent and requires me «a 

only 7 in. of panel height. Opera- 
ting features include remote sensing, | P . ne : - 
remote programming, and dualling. | be Ppa tar aegis ean ge 


Unit is readily converted to pro- | : , , 
’ | completely impartial, because Ampco supplies them all. 


vide constant current by the addi- | 
jion of an external sensing resistor. | He helps you realize savings that are often substantial, by 


Voltage adjustment resolution, by making best use of (1) Ampco’s metallurgical know-how; (2) 
means of a ten-turn potentiometer, Ampco’s extensive mechanical and production facilities; (3) new 
is closer than 5 mu. Supply is suited techniques and equipinent developed through Ampco research. 


for laboratory bench use and 19-in. ‘ F . 
rack mounting. NJE Corp., 20 Call in your Ampco field engineer. Write for bulletin. 


ey Ae ee AMPCO METAL, ING., Dept. 30A, Milwaukee 1, Wis. 
g WEST COAST DIV.: HUNTINGTON PARK, CALIFORNIA «© SOUTHWEST DIV.: GARLAND (DALLAS COUNTY),. TEXAS 





G@-21¢ 
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THE ENGINEER'S 


It takes rugged pumps : 
Library 


to spray hot asphalt 


Recent Books 


Inertial Guidance. By Charles S. Dra- 
per, Walter Wrigley, and John Hovorka, 
Massachusetts Institute of Technology; 130 
pages, 6 by 9! in., clothbound; published 


LEFT — 400 G.P.M. heavy duty 
Viking Pump delivers hot asphalt 
under positive pressure to spray bar. 


BELOW — Newest Littleford “Spray 
Master’ DeLuxe Asphalt Distributor 


included two Viking Pumps. 


, rugged equipment is required for the tough job of 
laying hot asphalt on roads. That's why Littleford Brothers, 
Cincinnati, Ohio, selected Viking Pumps as Standard 
equipment on their most modern ‘‘Spray Master” distribu- 
tors. And Vikings do more than give rugged service—they 
solve the problem of big capacity and small space, yet 
operate at high temperatures. 


Pumping asphalt is just one of many tough jobs per- 
formed by Viking Pumps. From little one-half gallon per 
minute pumps to 1050 G.P.M. giants, Viking Pumps are 
faithfully delivering a smooth, even flow of liquids—hot, 
temperate or cold—thick, medium or thin. If you have a 
problem in moving semi-solids or liquids, Viking Pumps 
may be the answer for you, as they are for Littleford 
Brothers. 


Tell us your problem and ask for bulletin GH. 





5O VIKING PUMP COMPANY 


YEARS 
Cedar Falls, lowa, U.S.A. 


In Canada, it’s ‘‘ROTO-KING’’ Pumps. 
See Our Catalog in Sweet’s Product Design File 
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by Pergamon Press Inc., 122 East 55th 
St., New York 22, N. Y.; available from 
Macuine Desicn, $6.50 per copy postpaid. 

This book is a treatise on the 
physical principles and engineering 
methods underlying the navigation 
and control of vehicles solely by 
means of signals from _ sensors. 
These sensors depend only on the 
inertial properties of matter for 
their operation. 

Starting points are conventional 
navigation and Newtonian physics. 
Development proceeds from an ex- 
amination of traditional navigation 
in terms of physics to interpreta- 
tion of operations of navigation in 
terms of control theory. Problems 
include recent ballistic-missile guid- 
ance—where classification permits. 
Use of gyros in geometrical stabili- 
zation is given a unique treatment. 


Statics and Strength of Materials. By 
Milton G. Bassin and Stanley M. Brod- 
sky, associate professors of mechanical 
technology, New York City Community 
College; 354 pages, 614 by 914, in., cloth- 
bound; published by McGraw-Hill Book 
Co. Inc., 330 West 42nd St., New York 36, 
N. Y.; available from Macuine Desicn, 
$7.00 per copy postpaid. 

Fundamental principles of me- 
chanics and strength of materials 
are covered. Such topics as forces, 
moments, friction, centroids, inertia, 
and combined stresses are discussed. 
Calculus is not required to gain un- 
derstanding of the material. 

In this third edition, text mate- 
rial is supported by 134 solutions 
of sample problems, about 500 new 
figures, and new and revised sup- 
plementary problems. A list of 
formulas has been included for con- 
venient reference. 


Effective Work Management. By Milon 
Brown; 246 pages, 51% by 8'/, in., cloth- 


Macuing Desicn 





ENGINEER'S LIBRARY 





bound; published by The Macmillan Co., 
60 Fifth Ave., New York 11, N. Y.; $5.00 


per. copy. 
Guiding principles of effective work 


management, as they apply in spe- 
cific job situations, are explained. 
Successful co-ordination of people, 
machines, materials, money, and 
production methods is discussed. 

Analysis of management cycle cov- 
ers meaning of management, plan- 
ning and making decisions, execu- 
tive action, management control, 
and applying the management 
process, 


Government Publications 


NASA Technical Notes. Copies of pub- 
lications listed below are available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. D. 


TN D-478. Lubricating Properties of Some 
Bonded Fluoride and Oxide Coatings for Tem- 
perature to 1500 F. By Harold E. Sliney, Lewis 
Research Center; 26 pages, 7% by 10% in., 
paperbound, side-stapled; $0.75 per copy. 

Solid-lubricant coatings, with good chemical 
stability in air to at least 1500 F, were formu- 
lated. Friction and wear data were obtained 
with hemispherical specimens sliding at 430 fpm 
against rotating discs coated with the experi- 
mental lubricants. 

TN D-531. Experimental Investigation of the 
Natural Frequencies of Liquids in Toroidal 
Tanks. By J. L. McCarty, H. W. Leonard, 
and W. C. Walton Jr., Langley Research 
Center; 26 pages, 7% by 10% in., paperbound, 
side-stapled; $0.75 per copy. 

Toroidal tank configurations applicable to 
missile and space-vehicle liquid storage sys- 
tems were oscillated to study natural fre- 
quencies of antisymmetric modes of contained 
liquids over a range of liquid depths and tank 
sizes. Data are presented in terms of dimen- 
sionless parameters suggested by physics of the 
problem and by solutions for liquids in tanks 
having similar boundaries at the liquid surface. 


OTS Technical Reports. Copies of re- 
ports listed below are available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 


PB 151082. Physical and Mechanical Prop- 
erties of Columbium and Columbium-Base 
Alloys. By E. S. Bartlett and J. A. Houck, 
Battelle Memorial Institute; 63 pages, 8% by 
1 in., paperbound; $1.75 per copy. 

Current information on physical and me- 
chanical properties of columbium and colum- 
bium-base alloys is reviewed. Effects of sin- 
gular and combined alloying additions on 
fabricability and low-and-high temperature 
strength are discussed. 

PB 151915. Evaluation of Designs and Ma- 
terials for High Speed-High Temperature Shaft 
Seals for Turbojet Engine Applications. By 
John J. Brenza, John H. Fuchsluger, Glenn F. 
Hyde, and Ernest J. Taschenberg, Koppers Co. 
Inc.; 88 pages, 8% by 10% in., paperbound; 
$2.50 per copy. 

Materials were investigated to develop shaft 
seals that would operate for 1000 hr at 1000 F 
and a rubbing speed of 30,000 fpm. Material 
combinations found to be promising were 
evaluated as seals under conditions duplicating 
those existing in a jet engine. 

PB 161490. Effect of Prior Creep on the 
Mechanical Properties of a High-Strength 
Heat-Treatable Titanium Alloy, Ti-16V-2.5Al, 
By Jeremy V. Gluck and James W. Freeman, 
University of Michigan Research Institute; 67 

8% by 10% in., paperbound, stapled; 


Effect of creep—to 2 per cent in 10 or 100 
hr at temperatures from 600 F to 900 F—was 
determined on the tension, compression, and 
tension-impact properties of the alloy at room 
temperature or exposure temperature. Equip- 
ment used, procedures employed, and test re- 
aults are discussed. 
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We bet millions on 


Our couplings 
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° When you buy a Fast’s cou- 
“ pling, you can bet your bottom 
° dollar everything was built on 
e the spot, not assembled piece 
? by piece from other suppliers. 
z Koppers multi-million dollar 
manufacturing facilities are the 
if most modern in the industry 
i . . . with advanced program 
b machines, highly accurate gear 
- shapers, a complete forge shop. 
* 
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— 
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FAST’S COUPLINGS 


Engineered Products Sold with Service 


® 


4 
ash? 

AX 
1 a 


J 
For example, all Fast’s Cou- 
plings are jig-drilled and jig- 
reamed for greater interchange- 
ability of parts. Result: you get 
high-quality, smooth-running, 
long-lived units that are the 
choice of more equipment 
manufacturers than any other 
gear-type coupling. 

Koprers Company, INc., 401 
Scott Street, Baltimore 3, Md. 
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PRINTED CIRCUIT 


e® GRAPHIC 


SYMBOLS 


MADE TO ORDER 


Repetitive symbols . . . 








in fact any drafting, blueprint or specification detail 
items . . . can be applied in seconds, rather than drawn in hours. If your 
engineers or draftsmen haven't yet discovered the speed and economy of 
STANPAT, they are wasting valuable hours . . . and valuable money. 
STANPAT tri-acetate sheets are quickly and easily adhered to your tracings 
without special equipment. Reproductions are crisp and clean . . . Won't dry 
out, come off or wrinkle. Mail the coupon today and see for yourself. 





STANPAT CO., Whitestone 57, N. Y. 
Phone: Flushing 9-1693-1611 ' 
C) Please quote on enclosed samples Dept. 58 # 
C Kindly send lit and pl 





Name. 
Title 
Cc 











r 7 
Addre: 
City. State 
See eee eS eS eee eo 
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Is This Job 


for You? 





BACKGROUND—Recent degree in mechanical or electrical en- 
gineering. About three years of design-engineering experience. 


ABILITIES——Able to evaluate technical information on design 
techniques, new machines, components. Provable ability to write 
cleariy and accurately. Should work well with people, have 
initiative and imagination, demonstrate creative as well as prac- 
tical ability. 


ENVIRONMENT—Cleveland, Ohio, with some out-of-town 
travel. As assistant editor on MD’s staff of 21 engineer-editors. 
In Penton Publishing Company, a growth company, with 5 mag- 
azines and some 60 editors. 


COMPENSATIONS—Salary comparable to that in industry. 
Chance to grow within the company. Unusual opportunity to 
broaden education, experience, and contacts. Stimulating work. 


If this appeals to you not merely as a job but as the basis of 
a career, write at once (with all pertinent facts) to the Editor, 
MACHINE DESIGN, Penton Building, Cleveland 13, Ohio. 
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Quick-Disconnect Shaft Coupling 


A gear-type shaft coupling permits a high degree of 
angular misalignment and large end movements between 
two shafts. Hub teeth are fully crowned, and the seal be- 
tween hub and sleeve deflects to accommodate varia- 
tions in alignment. The coupling is free to move 
axially to allow for different shaft lengths or to permit 
quick disconnection of the shafts. One shaft may be 
fastened permanently to the sleeve, while the other 
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Hub teeth 





Retainer sleeve 


Splines Seal 











shaft is simply inserted into the internally splined 
hub. The retainer sleeve is then moved away from 
the coupling until the balls are forced into the radial 
groove in the surface of the shaft, locking the assembly 
in place. The sleeve is finned to provide maximum 
cooling for the coupling. Breather holes prevent pres- 
sure differential between the inside and outside of the 
coupling. Patent 2,959,943 assigned to Zurn Indus- 
tries Inc., Erie, Pa., by Edward E. Allen. 


Vacuum Relief Valve 








Plug 
on 








Outlet 











A spring-loaded plug in a vacuum relief valve bleeds 
out any air in the system before fluid can pass through 
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Potented in the US.A., ond in foreign countries 
U. S. Patents: Re. 21934, 2296869 


The cam sector is stain- 


Stonderd bushings ore | 


rigidized Teflon 


The roller is stainless 
steel with a highly pol- 
ished helicoid surface 


The connecting link 

and the screws ore 
The roller pivot is ball . 
shaped, and rides on 
@ graphited Bakelite 
disc. 


The polished com 
facing is grophited 
Bakelite. tt will not 


warp or distort is ct the rear to faciti- 


The hairline pointer od 
jusiment screw is stoin- 


less steel. tier 


Exclusive Helicoid movement 
provides Sustained Accuracy 
...on the toughest jobs! 


e Helicoid Gages have no gears, no teeth— wear is 
reduced to an absolute minimum. No danger of 
fouling, either—rolling action of cam facing keeps 
contact surface clean. Even when subjected to vio- 
lent pressure pulsations or mechanical vibrations, 
Helicoid Gages stay accurate. Only Helicoid Gages 
provide all these advantages: 





Sustained accuracy—Helicoid movements have 
been tested through 75,000,000 cycles, with vir- 
tually no wear or loss of accuracy. Conventional 
geared gages on the same test became useless after 
only 500,000 cycles. 


Durability— Bourdon tubes won’t stretch, leak or 
crack. Dial faces won’t corrode or chip. 


Wide selection— Gages are available for practically 
any application from tap water to acid. Gages in- 
clude flanged and flangeless, round and square, in 
standard and flush-mounting models. Accessory 
equipment includes gage cocks, needle valves, 


siphons and snubbers. 
NEW! Solid-Front 
Safe-T-Case Gage 
This new Helicoid design diverts 
the force of a burst in a backward 
direction, away from the operator. 
The force escapes by deforming the 
back cover plate, — 
which can then be re- 
Write for Catalog DH-65 for details 
on the complete line of Helicoid Gages 


placed inexpensively. 


\ | 
. a 
4 


J] 


Distributed in Canada by Upton, Bradeen & James, Ltd. 


The link adjusting screw 
tote calibroting the Hel- 


7 


Quebec, Montreal, Ottawa, Toronto, Hamilton, Windsor, Winnipeg, Edmonton, Vancouver 


-HELICOID GAGES 


Helicoid Gage Division «American Chain & Cable Company, Inc. 
929-M Connecticut Ave., Bridgeport 2, Conn. 
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Designed to sense extremely 
low speed rotary or linear motion for 
both industrial and O.E.M. applications 


The GAYLORD MICRO-MOTION DETECTOR will sense zero 
and low speed rotary motion (or low speed 
linear motion converted to rotary motion) over an 
infinite number of positions in 360° of rotation. 

It will also sense direction of motion and a change 
in direction of motion. It will operate at 
extremely low speeds, but can be driven at 
considerately higher speeds. No resetting is required. 
Operates over a wide temperature range. 
Extremely small size and light weight of the 
GAYLORD MICRO-MOTION DETECTOR 
(2” wide x 25%” high; 3 ounces) makes it useful 
for an almost unlimited range of 
industrial and O.E.M. applications. 


For engineering data and demonstration, visit the 
GAYLORD CONTROLS EXHIBIT 
(Booth 627) at @& 

SOCIETY OF AUTOMOTIVE ENGINEERS 
COBO HALL, DETROIT, MICHIGAN 
INTERNATIONAL CONGRESS & EXPOSITION 
JANUARY 9-13, 1961 
OR WRITE 


GAYLORD 
CONTROLS 


A DIVISION OF GAYLORD PRODUCTS INCORPORATED - 1918 S. PRAIRIE AVE., CHICAGO, ILLINOIS 
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NOTEWORTHY PATENTS 





the valve. When the pump is operated, air is forced 
through the axial air-bleed slot in the spool, and out 
through a bleed hole in the valve casing. When sys- 
tem air has been expelled, fluid pressure pushes the 
plug upwards until its O-ring seats against the boss 
at the bottom of the spool. A further increase in pres- 
sure causes the entire spool assembly to lift, allowing 
the passage of fluid through the outlet. Should the 
fluid pressure fall below a predetermined level, the 
spool falls, sealing the system against incoming air. 
Patent 2,960,996 assigned to Cherry-Burrell Corp., Chi- 
cago, Ill., by William M. Haselton. 


Automatic Fluid-Pressure Regulating Valve 


A self-lapping fluid-pressure regulating valve uses 
a diaphragm with a variable effective area to supply 
a predetermined delivery pressure with any selected 
supply pressure. When the unit is actuated, as shown, 
fluid under supply pressure normally flows directly 
from the supply port, through the supply valve, and 
to the exhaust port. The chamber at the base of the 
valve is always charged at supply pressure, while the 
stabilizing port allows the pressure in the delivery 
chamber to rise with any increase in delivery pressure. 





Stabilizing port 


Delivery pressure chamber 


SW 
CG, 


Vertical 


SS 


Actuating 
force 


i 











When delivery pressure passes a predetermined point, 
the exhaust valve seat element is forced downward, 
closing the supply valve. This causes the supply 
chamber diaphragm to be stripped from its seat, expos- 
ing a portion of the area to supply and delivery pres- 
sures. The two pressures acting on the diaphragms 
maintain the preselected delivery pressure by producing 
a spring-action across the supply chamber diaphragm. 
Patent 2,958,337 assigned to Westinghouse Air Brake 
Co., Wilmerding, Pa., by Edward L. Halbrook. 


Self-Adjusting High-Energy Brake 

A hydraulic-brake actuating assembly compensates 
for both transient and permanent slack in the system, 
thus preventing dragging or locking. When the brakes 
are applied, the actuating piston moves upward to 
engage the brake lining with the drum. At the same 
time, a floating piston is moved upward until it en- 


| gages a snap ring stop. Fluid trapped between the 


actuating and floating pistons acts as a compression 
link. If expansion or wear causes the drum to pull 


| away from the shoe, line pressure moves the actuator 


up to keep the shoe and drum in contact. Since the 
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POWER SUPPLY 
PROTECTION! 


SOUTHWEST 
oe an 


sub-miniature 


thermal SELF-ALIGNING 


magnetic BEARINGS 
CIRCUIT 


BREAKER 


Series 43-500.00-St 
featuring— 
@ auxiliary contacts N.O., N.C. 
@ power failure indication 
@ elimination of fuses 
@ push button operation 
@ simplified circuitry—cost-savings 
RATED: 50 milliamps to 10 amps 
240 V A.C., 65 V D.C. 
Call or Write— 


PRODUCTS COMPANY OF AMERICA 


: : PATENTED U.S.A. 
6284 N. Cicero Ave. @ Chicago 46 pil Wisi theits temaried 
Kildare 5-1553 


IN CANADA: 265 Craig St. West 
Montreal 1, Que. 
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PLAIN TYPES 


Designer’s Fact File 
from DENISON 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


. For types operating under high 
Raven Stee! Ball temperature (800-1200 
. _ degrees F.). 
For types operating under 
ba peeled Steel high radial ultimate loads 
(3000-893,000 Ibs.). 


HYDRAULIC 4-WAY VALVES 


For shockless, hydrau- 
lic control on any 
directional require- 
ment. Pilot-operated, 
solenoid controlled. 
Built-in check valve 
provides pilot pressure 
without addition of 
another valve to the 
system. Has drawn 
steel solenoid covers secured to body with internal 
retaining cords, For pressures to 5,000 psi. 


Write For Details In Bulletin 240-B. 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co. 
1240 Dublin Road « Columbus 16, Ohio 


HYDRAULIC PRESSES | 
PUMPS ¢ MOTORS ¢ CONTROLS Mama I hSO)) SOUTHWEST PRODUCTS-CO. 
Denison and Denison HydrOILics are registered dnOll ics 1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


trademarks of Denison Eng. Div., ABS 


For types operating under 
normal loads with minimum 
friction requirements. 


Bronze Race and 
Chrome Steel Ball 


*'Dyflon'’® Plastic For types operating under 

Alloy Inserts. CRES rotational, high radial locds 
Ball and Race. and long cycle life 

Chrome Alloy Steels. where lubrication is impossible. 





Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Our engineers welcome an 
opportunity of studying individual require- 
ments and prescribing a type or types which 
will serve under your demanding conditions. 
Southwest can design special types to fit indi- 
vidual specifications. Write for Engineering 
Manual No. 551. Address Dept. MD-M61. 
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NOTEWORTHY PATENTS 





floating piston is held back by the snap ring stop, a 
greater volume of fluid flows into the fluid link. When 
‘Buffalo’ . , the brake is released, the floating-piston valve snaps 
Exhauster EP shut, trapping this fluid. Thus, the actuator piston 





Drum 


Lining 


Actuating 
piston 


Fluid link ~ . Snap ring stop 


Floating piston 
System pressure 








IR OR 
MATERIAL MOVI NG | is not permitted to return to its original starting posi- 


tion, but assumes a new position to maintain a con- 
stant drum-to-lining clearance. Patent 2,961,074 as- 

To Meet Your Most Rigid Specifications! | signed to B. F. Goodrich Co., New York, N. Y., by 
Burlin W. Oswalt. 





@ Air, fume, dust exhausting. 
Air-Mixture Temperature Control 
A thermostat in the downstream portion of an air 
@ Hot gas exhausting —200° to 850°F. | line controls the supply of hot and cold air to provide 
| an air mixture of any desired temperature. When the 
@ Handling corrosive fumes. _ mixture temperature becomes too high, the thermostat 
| opens the control valve, permitting air to escape from 
If your equipment requires a pneumatic conveyor or dust | the amplifier chamber. The resultant pressure reduc- 
system, here’s the fan to assure positive, dependable per- | tion in the amplifier chamber closes the amplifier valve, 
formance for the life of the equipment! ‘Buffalo’ Exhausters | cutting off pressure to the actuator diaphragm. The 
feature husky, all-welded steel plate housing and wheel | 
construction for high strength and smooth interior surfaces. | 
Available with interchangeable Air or Material Wheels — | Thermostat —— Cool air 
with heat slingers and high-temperature bearings for hand- Control valve 
ling hot gases — or rubber-lined for corrosive fumes. zs N, a a aoe 


@ Pneumatic materials conveying. 











rhis is just one ‘Buffalo’ Fan to meet your equipment speci- 
fications — we build a complete line of high-quality Axial 
Flow, Propeller and Centrifugal Fans in all sizes and most 
materials. Your ‘Buffalo’ Engineering Representative will 
be happy to work with you on any requirements you may Diophragm——_| | |_ + Actuator 

have for a fan — or write us direct. Riki vee 


Ss 

















SLs Hot air 








BUFFALO FORGE COMPANY 
Buffalo, N. Y. Canadian Blower & | : P 
al Forge Co., Ltd., Kitchener, Ont. | actuator spring then closes the butterfly valve, restrict- 


Buffalo air handling equipment to move, heat, 


EAN py <0 cerumicty and clean air and ether gases | ing the supply of hot air. If the mixture becomes too 
* ; _ cold, the control valve closes. The regulator valve then 


ia Buffalo Machine Tools to @rill, punch, shear, bend, silt, , : 
ees ov plant | opens, allowing the passage of hot compressed air to 
>) Burt Cente Pumps ohana mot Hl the actuator chamber. Pressure on the diaphragm 


and slurries under a variety of conditions. 


On | opens the butterfly valve, allowing the flow of hot air. 
ga Squier machinery to process sugar cane, coffee and rice Patent 2,961,163 assigned to the Garrett Corp., Los 
Special processing machinery for chemica/s. Angeles, Calif. by Raymond W. Jensen. 
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ENGINEERING & 


COMPANY, INC 


lky db 
SPIROL “ PIN 


1. 80% of spring pin applications only require Medium Duty 


SPIROL PINS, which cost less. 


2. Even the Heavy Duty SPIROL PINS in this socket-wrench 
universal joint don’t cost more than other types of spring pins. 


3. Assembly costs are lowered with SPIROL PINS! Just drill the 


hole (plus and minus tolerances allowed only by SPIROL PIN) 
and drive the pins—automatically or by hand. 


4. Medium and Light Duty SPIROL PINS replace more costly 
fasteners, even in materials where other spring pins cannot 


be used. Come in Miniature Diameters, too: 1/32” to .052". 


CONNECTICUT “Aon wee” 


Write for free TECHNICAL DATA 
MANUAL. Free samples for 
specific applications. 


Cc. E. M. COMPANY, INC. 


MANUFACTURING 
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41 School Street, Danielson, Conn. ¢ PRescott 4-8571 





AUTO-PONENT: 


HYDRAULIC 
FULL FLOW VALVES 


Flow Control, Needle, Check, 
hii Le BY for HYDRAULIC Power 
ape | KF Flow Ce | 
wie ane 7 sp Bjusime for dire 


Pat. £2,841, 174 


A complete line: Ye”, 4”, ¥e”, V2”, and 34’ female Dryseal 

Pipe Sizes in all models and types. Equivalent Aeronautical 

Tube Sizes on special order. 

MINIMUM PRESSURE DROP AND POWER LOSS... . Oversize 

ports and passages give maximum flow at minimum pressure 

drop, insure greater accuracy and response in hydraulic OF o Medel W Needle 

large volume air cylinder control. ane 

EASY FLOW ADJUSTMENTS under ful! pressure. Seal located 

at port to eliminate air or dirt traps. Gland structure equally 

effective on pressure or vacuum. 

SENSITIVE, CHATTERLESS BALL CHECK .. . Patented design 

insures rapid ball movement to open or close at low differ- 

entials. Model KF Knob ang 
Dial Fiow Centre 

FORGED BODIES permit higher pressures with wide safety — 4 en oS 

margins, Aluminum—3000 psi; Steel and Stainless Steel— é 

5,000 psi. Pressure ratings based on better than 5 to 1 Y 

safety factor. All internal parts are Stainless. Write for _ 

illustrated catalog. 

TYPICAL APPLICATIONS 


ARROW INDICATES TWO DIRECTION CONTROL 
DIRECTION OF CONTROL 


Mode! F Standare 
Flew Control Vaive 


Model PF Knob and 
Bial Flew Centret 


ow 
Needle Valve for 
CLOSE CONNECTION W mounting 


= <x 


Controlling Double 
Acting Cylinder 





Controlling Single 
Acting Cylinder 


2925 GRANT STREET 


BELLWOOD (Chicago Suburb) ILLINOIS 
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HEAVY-DUTY 
SWITCHES 


For motor 

loads 
2 HP 250 v.a-c 
1 HP 125 v.a-c 


For heater loads 
20 amperes 125/250/480 v.a-c 


For lamp loads 
10 amperes 125 v.a-c 
(tungsten-filament) 
UL listing. 


KLBP-RH 


Mechanical 
Features 


Sturdy die-cast housing 
with threaded hub 


Right- or left-hand mounting 


Removable, 
“O”-ring-sealed cover 
with captive attachment 
screws 


All wiring connections made 
with switch outside housing 


Sealed actuators 


Adjustable roller-arm or 
hand-operated actuators 


Roller-plunger actuators 


Write for Bulletin B-30 
that gives details and useful 
application data. 


> 
ae 
ITTV Varna, 


IVES ROAD, WALLINGFORD, CONNECTICUT 


Circle 517 on Page 19 





ae Ema et tects 


_VIM cofyhi 


196 


4131 W. State St. 


Strenghten the 
eye-link for 


increased production, 


better work . 


WC 


+ Milwaukee, Wis. 


the number 
to call is 


, DI vision 2- 0730 _ i 


Spinnings, like women, come in 
all shapes and sizes. But when 
you have man-sized equipment 
and years of experience, even 
the most resistant conforma- 
tions fall into line. Spincraft has 
that equipment in its exclusive, 
specially-built MET-L-FLO 
automation lathes — available 
nowhere else. It has the ex- 
perience, forty years of creative 
metal-spinning. 


In rockets and missiles, Spin- 
craft has been there from the 
beginning. The sheath dress 
the lady is wearing is actually 
a thrust nozzle for the early 
Hermes missile. The trapeze 
dress is a section of the Honest 
John rocket. And the chemise 
is the preform stage of count- 
less spinning jobs in missile 
and other fields. 


Spincraft can solve your metal- 
forming problems quickly, effi- 
ciently, economically. 


SSND FOR: Nofes for An 


Engineer's File. 
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SUPPLEMENTARY LIGHTING SINCE 1919 


For machine tools, instruments, office machines .. 


Write for Bulletin 0-3 


Or write, telling us your needs. 


. wher- 
ever there is an eye-link be- 
tween worker and the work. 
Vimcolights adjust easily to 
put comfortable, soft light 
on the work area. Eyestrain 
is eliminated, and inaccura- 
cies, rejects, and low pro- 
ductivity are prevented. 
Vimcolights are available 
in 6 standard models, and in 
custom designed variations. 
They are resonably priced, 
and easily installed. 


VIMCO MFG. CO., INC. 
500 Main St., Holland, N.Y. 
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New! LIGHTWEIGHT VIBRATOR™ 


““‘World’s Quietest Vibrators” 


A million-and-one 
uses for keeping 
production lines 
on-the-move 


Compact, Lightweight 
(4% 02.) 


Precise Frequency Control 
Only One Moving Part 
Absolutely No Maintenance 


Safe, Cool Compressed-Air 
Operation 


VIBRATION INDUCERS 
Lightweight BD-10 is available for free trial 
ALL VIBROLATOR VIBRATION INDUCERS ARE GUAR- 
ANTEED TO DO YOUR JOB OR YOUR MONEY BACK. 


Order from your distributor today, or write for complete catalog. 


MARTIN ENGINEERING COMPANY 
Bm. as ee Largest Producer of Rotary Vibrators 
SES 100 Designer Street, Neponset, Illinois 


® Vi BROLATOR is Martin Engineering's registered trade 
mark for vibration inducers and vibrator accessories, 


ase * = pach 
viseeLaror 
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Ca 


ARAMOUNT 


( 
Front View ' Die Castings Rear View 
1 
‘ 
‘ 


AT WORK 


No. 6 of a Series J ALUMINUM 


RETAINER 


ALUMINUM 
HOUSING 


ZINC ~ 
BALL-TYPE 
LOUVER 


AIR VOLUME 
CONTROL KNOB 
AND VALVE 


PARAMOUNT QUALITY... chosen by Shakespeare 
Products for this automotive air conditioner part 


Quality components make quality products. That's why Shakespeare 
Products Company chose Paramount to make the zinc and aluminum 
castings for this air conditioner part for a well-known automobile. 
Paramount qua/ity coupled with engineering and production “know-how” 
are reasons why it will pay you to look to Paramount. 

Investigate Paramount's complete services now. 


ALUMINUM 
HOUSING 


Three complete plants—two in St. Joseph, Mich., 
one in Seymour, Indiana. 


SEND for "Designing for Die Casting” 


PARAMOUNT Sie Costing Co. 


(A subsidiary of TALON, INC.) ST. JOSEPH 3, MICHIGAN 
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MAYLINE 








MAYLINE 


Keep Your 
Drawings 
Flat and Clean 


METAL PLAN FILE 


Mayline metal plan files have hinged dust covers that 
stay in upright position when drawings are being re- 
moved or inserted in drawer—leaves both hands free. 
Drawers operate freely on muted ball bearing rollers. 


For space saving economy Mayline plan files can be 
attached to the 4-Post or the May-O-Matic tables. Metal 
and wood plan files described in folder S-20. Your local 
dealer has this information for you. 


MAYLINE CO., INC. 


601 No, Commerce St. 


Sheboygan, Wisconsin 


WOOD PLAN FILE 





MAYLINE 
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CONDUIT LOCKNUTS 
— Up to 6” 


WELD NUTS 


Square & Hexagon | FINISHED NUTS 





ee 
ily 


SPRING-NUTS 





LOCKNUTS 
Reversible — One Piece 


WAFFLE FACE 
LOCKNUTS 


SWITCH 
MOUNTING NUTS 





an 


~ IMPACT 
LOCKNUTS EXTRUSIONS 


Deflected Top 


COLD HEADED PLUGS 
& BUSHINGS 











Available in Stainless Steel, Brass, Aluminum and Steel 


JACOBSON NUT MFG. CORP. New Jersey 


New Jersey 
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spec{y PRECISION 
UNIVERSAL 
A), JOINTS 


GA 

















Ist choice 


for dependable 





| power transmission! 


Power take-off at an angle required? 
Precision Universal Joints are preferred 
because of exclusive design 


features: manufactured of aircraft 
Need more 


information? 
Clip this ad and 
attach to your 
letterhead for 
FREE folder. 


steel, uniformly hardened and 
machined to precise tolerances. 
Same size parts are interchangeable. 
Available blank, bored, broached, 

threaded, cross drilled or tapped 
according to your exact 
specifications! 


PRECISION TOOL & MFG. CO. of Illinois 


i MD-11 
1305 S. LARAMIE AVENUE / CICERO 50, iL. 
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20 to 
200 D.P. 


Send your prints 
for quotations 





e@ SPURS 

@ HELICALS 
WORM AND 
WORM GEARS 
STRAIGHT BEVELS 
LEAD SCREWS 
RATCHETS 
CLUSTER GEARS 
RACKS 
INTERNALS 
ODD SHAPES 


<eMBeR Om 


. 
IN GEARS Oo: 


_ a(S 
B COVE? G 2 Works Sue. 


1031 PARMELE STREET, ROCKFORD, ILLINOIS 


Quadrants and spindles with 
fine-pitch teeth are cut to 
close limits in our modern 
shop. Tell us your needs. 


New GEMCO 
ROTATING CAM 4 


é, PRECISION 
CAM ADJUSTMENT 
WITH A SCREW DRIVER. 


=e IN SECONDS! 


One type cam... no 

special cam lobes required. 
Snap Action Switches, N. 0. and 
N. C.—electrically separated 


2 through 12 
circuits. Available in NEMA 
1,4,5,7,9 and 12 enclosures. 


Please send Bulletin 558 for complete story of new 
Gemco Rotating Cam Limit Switches. 


NAME____ — snl 





COMPANY . — yids esinaeiincemensstisitlsnt 
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A STANDBY ENGINE 
putomatically Controlled 
6y SYNCHRO-START 
CAN PROTECT YOU 
FROM MAIN POWER 
FAILURE 


Iu 74 Matter of Seconds a 


be re-established by a standby engine equipped with 
Synchro- Start controls. 


Since 1932 Synchro-Start has been manufacturing de- 
pendable controls that ore operating standby power 
engines to provide protection for... 


@ HOSPITALS @ AIRPORTS 

@ PUMPING STATIONS @ PIPE LINES 

@ ELECTRIC PLANTS @ BRIDGES 

@ COMMUNICATIONS @ MILITARY CENTERS 
AND MANY OTHERS 


These controls are in world-wide use plus a variety of 
other controls manufactured for specific engine operations. 


For complete information on your requirement send 
engine data and desired operational control. 


SYNCHRO-START PRODUCTS, INC. 
Since 1932 
8151 NORTH RIDGEWAY AVENUE «+ SKOKIE, ILLINOIS 
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hiked Kel -¥e! 
Black Nylon 


screws 
relate Malth is 


Insulate and Fasten 
without bushings, 
washers, etc. In Stock 
2-56, 4-40, 6-32, 8-32, 
10-32.and %-20 


Black Ny!o" 

“NyGrip” 
cable 
clips 


Light-weight lela 
conducting support 
for wiring, tubing, etc. 
In Stock Ye to 

1%" Dia. 


Free samples * write WECKESSER CO. 











ELECTRIC COMPANY 
L G 25685 West Eight Mile, Detroit 40, Mich. 
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5715 Northwest Hwy. @ Chicago 46, Ill. 
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PPh lighter 
| STRONGER 
> lower cost! 

changed from bronze casting 


to Pressed Steel Stamping 


Conversion from casting to stamping saved a 
Skokie, Illinois manufacturer of production line 
chains $142.40 on an initial order of replacement 
links that also proved lighter and stronger. 


SMALL LOT TECHNIQUE 5 AVES $] 4,40 


USING TEMPORARY TOOLS 
Dayton Rogers’ short-run metal stamping fa- 
cilities will handle blanks 22” square, material 
up to 3%” thick, and drawing up to 414” deep. 
SEND YOUR SKETCH, BLUEPRINT OR PART, 
PLUS QUANTITY, FOR PROMPT QUOTATION. 


DAYTON ROGERS 
Man “pa ctu Ung Company 


MINNEAPOLIS 7C, MINNESOTA 
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Here’s How to Make Hose 
Work Better, Last Longer! 





LOW COST, BALL BEARING 
SWIVEL 
JOINT 


se  Mdddddddd 


| sain Quan » 
V, 


FOR PIPING, 
TUBING, HOSE 





Here is the new BARCO SINGLE PLANE SWIVEL 
JOINT that swivels in one plane only. Ideal for use 
as a swivel connector: 

@ Key to Better Engineering?! Small, light, inexpensive. 
Very low torque under pressure. Neat, space-saving 
installations. Easy to position lines accurately. 

@ Many Uses: (1) To make piping or tubing movable, 
flexible! (2) As swivel connectors on hose to eliminate 
torsional working stresses and long radius bends. Longer 
hose life! Shorter lengths required! 

@ Sealed, Unitized Construction. Built with ball-bearings. 
O-ring seal. Choice of styles; sizes 4", 34”, 44", 34”. For 
service to 2,000 psi, —20° to 225°F. Other types available 
for higher ratings. Ask for Catalog Sheet 406. 


BARCO MANUFACTURING COMPANY 


\ Hough Street - * Barrington, Wiel] 
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“to 5% 


1 ww /0 


Change to 
THIS 


for less! 


- aa 


E13-00A 


i 
& ag i 


E13-00) 


wee ee ee eee 


— 
oo We 


sid ll hate ae re a 


If you 
use THIS 






























































@ .100 over- 
travel minimum. 
@ 50% higher hp rating (% hp) 
@ Standard case & mounting dimensions 
@ Terminals accept Q. C. or solder connectors 


@ U.L. rated 15 amp 125/250 V a-c % hp V a-e, 
1% hp 250 V a-c 


4 


HERRY ELECTRICAL PRODUCTS CORP. 
4 1653 Deerfield Rd. © Highland Park, Ill. 


For comolete information and sample switch, write to— 
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SECURE WIRE BUNDLES IN SECONDS! 


Simply pull this modern self-locking nylon strap around your wire 
bundle, cut off the excess, and you have a positive-holding installation. 
No tying, no knots, no hitches to come loose with Bund-L-Tite*. It’s 
the fastest, surest, most permanent way to secure wire bundles! 
Proved in aircraft and missiles under extreme loads, Bund-L-Tite* 
straps are made of tough, light-weight DuPont zytel, which meets 
MIL-P-17091. Write for free literature. 


DAKOTA Manufacturer of Cab-L-Tite clamps. 
ENGINEERING, INC. 


4315 Sepulveda Blvd., Culver City, California *Trade Mark 
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Why HUSCO HYDRAULIC MULTI-PLUNGER 
VALVES 


HUSCO 3300-SP, 
showing size range. 


Py Fit a greater 
HUSCO 3900-SP range of control needs 


Valve 


@ Choice of FIVE Basic 
Model Sizes — over 120 
standard valves for 
unlimited modifications 
to specific needs. 

Control up to SIX Cyl- 
inders, single or double 
acting. 

@ Up to FOUR Standard 


Control Positions — raise, 
lower, float and neutral. 

@ Available with Flange or 
Standard Mounting 
(3900 Valves only). 

@ Accurately Rated Ca- 
pacities from 3 to 185 
G.?.M. at 22 f.p.s. 
velocity. 


These are only a few reasons why HUSCO Valves are 
more flexible in adaptation to your needs, more ef- 
ficient in power-saving control. 


Write for HUSCO Catalog “‘Hydraulic’s House of Ideas” — and 
for expert engineering assistance on your hydraulic contre). 


HYDRAULIC UNIT 
SPECIALTIES CO. 
PUMPS @ VALVES @ , CYLINDERS 
P. O. Box 257-M, Wauk 
West Coast Rintnnetatiogs 
EASTMAN PACIFIC CO., Los Angeles, Calif. 
ROY BOBBS AIR-DRAULIC CO., Portland, Ore. 
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‘TORQUE WRENCH’ MANUAL 


Formulas 

Applications 

SENT UPON. REQUEST Engineering Data 
: Screw Torque Data 


— S turTevan’ late} Adapter Problems 
ABER ee Toual ity) 74 INOIS General Principles 


Manufacturers of over 85% of the torque wrenches used in industry 
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WHAT'S 
YOUR 
PROBLEM e 


PARTS? MATERIALS? 
COMPONENTS? FINISHES? 


Perhaps one of our advertisers in this issue 
of MACHINE DESIGN has the solution to your 
dilemma. We'll be willing to bet that this 
issue contains information that is essential 
to answering your problem. 


Fill out one of the yellow inquiry cards and 
send it to us. No letter or postage is neces- 
sary. We will forward your inquiry to the 
advertiser and he will reply directly to you. 


Why not do it right now? 


USE THE YELLOW CARD ON PAGE 19. 


Macuine DesIGN 





MINIATURE HEADLESS 
SLOTTED SET SCREWS. 


. put your needs in 
MOORE'S capable hands 


Wherever you require precision miniature headless slotted 
set screws, you can depend on Moore to meet your require- 
ments to complete satisfaction. Prices are right. Delivery is 
fast. And quality is to the highest industry standards. Avail- 
able in sizes #0 through #4 in a wide selection of materials, 
finishes, lengths and points. 


Specify Moore and be sure. Dependable quality 
for over 80 years. Write for price catalog. 


1 £02 OF 59 2 George W. Moore, Inc. 


since 1880 
SET SCREWS 93 Beaver St., Waltham 54, Mass. 
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Case Hardened, ej 
Crown Lapped and — 
AVAILABLE a 
FROM STOCK... 


ht F-Talet- tae! 
SPIRAL BEVE 


Why wait for delivery on spiral bevel gears? ARROW 
ships from a full stock of common sizes, in ratios: 
ltole2tole3tol e 3 to2 and 4 to3. Gear sizes 
of 1.000 to 13.000 pitch dia. Teeth are precision matched, 
case hardened and crown lapped. Sets are precision 
made, high speed tested. 


WRITE FOR ENGINEERING MANUAL 


ARROW (Fear 


2301 Curtis Street +» Downers Grove, Illinois 
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the ADAMS RITE 


QUADRASTAT 
CON 


APPLICATION: 


... Wherever positive control and 
automatic self-locking are required. 


The Adams Rite QUADRASTAT Control employs a self- 
locking principle which permits infinite-positioning through 
use of the primary handle, but absolutely prevents any creep- 
age or change of setting due to vibration or ‘‘feed-back”’ 
forces acting through the driven or actuating lever. 


Uniquely engineered and comprised of only 5 main elements, 
the sturdy but lightweight QUADRASTAT is presently in 
trouble-free use on a wide range of control operations. It has 
been successfully incorporated into such diverse applica- 
tions as tractor throttles, hydraulic valves, governors, air 
ducts, power boats, jet engines, and aircraft drag-brakes. 
The versatile unit may be manually, hydraulically, or motor 
controlled, and is available with handle, actuating lever, and 
quadrant mounted in various positions. 


To learn how the QUADRASTAT can solve your contro! prob- 
lem, write today for complete details and specifications, 
Department C-3. 


ADAMS RITE 


MANUFACTURING COMPANY 
® 540 West Chevy Chase Drive 


Over half a ‘ ” Glendale 4, California 
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LONG LIST OF STOCK GEAR DIES 
OFFERS YOU BIG SAVINGS! 


ACCURATE STAMPED GEARS 
by WINZELER are BIG savers 
of time and money. Single stamp- 
ings are laminated to wide faces 
at savings up to 60%! Further 
economies are made possible by 
a BIG range of stock Dies. Mod- 
ern new plant, methods, and 
equipment now greatly increase 
production speed, efficiency and 
economy! Send blue prints. Tell 
us about your needs today. No 
obligation. 


SEND FOR... 


New list of WINZELER- 
made stock Gear Dies. 
Ask for it on company 
letterhead, please! 





WINZELER MANUFACTURING & “TOO t0 


7355 W. WILSON AVENUE « CHICAGO 31, ILLINOIS 


Circle 538 on Page 19 





This Compact 
FUNK Unit 
SAVED 


On this Jaeger concrete 
mixer, a FUNK-designed 
double right angle drive 
provides perfect align- 
ment and positive chain 
adjustment. 


Mounted vertically on 


the “‘unitized” front 


trunnion stand, FUNK’s unit takes up only a fraction of 
the space normally used in such applications. 


Just one example of how FUNK MODULAR POWER UNITS 
may be combined in an unlimited number of arrangements 


— without special engineering costs. 


Let FUNK solve your power transmission problem. 


FUNK MFG. CO. Bea 
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MECHANICAL ENGINEERS 


BRUNSWICK CORPORATION is expanding its Research 
and Development Division and offers outstanding career 
opportunities for graduate Mechanical Engineers qualified 
to handle positions involving 


@ AUTOMATIC MACHINERY DESIGN 
@ PRODUCT DESIGN and DEVELOPMENT 


This is an opportunity to associate with a company recog- 
nized as a leader in the recreational field, and whose 
growth and stability has been outstanding. Positions offer 
good opportunities for technical advancement and long- 
range careers. Openings available at various levels from 
recent college graduates, Senior Design and Project Engi- 
neers to Engineers who have supervisory experience. New 
and modern engineering offices offer excellent work en- 
vironment. The company is located in Western Michigan, 
“Heart of Michigan Vacationland” offering excellent op- 
portunities for family recreational activities. Positions offer 
challenging work, attractive starting salaries commen- 
surate with experience, along with excellent fringe benefits. 


Send replies outlining education, experience, and salary 
desired, to A. J. Nelson. 








Brunswick 








CORPORATION 
MUSKEGON, MICHIGAN 
AVAILABLE OR WANTED 
WANTED: Assistant Professor of Engineering Graphics and 
Machine Design. Must have M. S. in Engineering and some 
professional design experience. Teaching experience de- 
sirable. Begin in Fall of 1961. Delightful surroundings; 
affable associates. Write to: G. S. Dobbins, Acting Head; 


Department of Engineering Graphics and Machine Design; 
University of Colorado; Boulder, Colorado. 


WANTED: PRODUCT DESIGNER: B.S.M.E. or equivalent plus 
8 to 10 years experience in design of precision products to 
provide technical direction to layout draftsmen and de- 
signers engaged in design of serv i Thorough 
knowledge of drafting practices plus broad knowledge of 
machining and shop practices essential. Position is pri- 
marily technical and carries a minimum of supervisory 
responsibility. EXPERIMENTAL ENGINEER: M.E. or E.E. 
graduate with 1-3 years experience in servo component 
design and/or development. Position involves the design, 
test, and evaluation of assigned product developments. 
PROJECT DESIGN ENGINEER: Design, develop and evaluate 
hydraulic, pneumatic, and electrical systems in a variety 
of products for our newly created Industrial Division. Project 
responsibilities through production. Four to six years design 
background and understanding of production process, draft- 
ing, materials and costs. Creative, mechanically oriented 
engineer required. Our rapid growth has created these, 
and other opportunities in our engineering oriented Com- 
panv located in suburban Buffalo. MOOG SERVOCON- 
TROLS, INC., East Aurora, New York. 
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e backtalk— 


—file and Remember 


A development engineer named Mayfield 
Lewis, who reads Macuine Desicn in Pitts- 
burg, Kans., has written to tell us how he 
finds information in past issues. Mr. Lewis 
types a condensed version of the contents 
pages on 4 by 6-inch cards and files them 
chronologically. He suggests that we print 
such a card with each issue, making it de- 
tachable for filing. 

While we don’t plan any immediate changes 
in our contents or index pages, we have a 
couple of suggestions for people who can’t or 
won’t type cards. First, there is the lazy man’s 
version (ours) of the Lewis system—a file of 
actual contents pages. 

A bigger help is a reprint of the Annual 
Index, which, by coincidence, we are preparing 
now. The 1960 model of this vehicle was pub- 
lished in the December 22 issue. Look it over 
—if you’d like to have a copy for your very 
own, let us know via card, letter, or a note 
on the return post card, Page 19. It’s free. 


—Nomenclature News 


Having just reported that we aren’t changing 
our contents pages, we now wish to point out 
a few differences between this issue’s and the 
last one’s. Our editorial masthead, the perma- 
nent column on Page 4, has a new look, much 
to the satisfaction of several of those listed 
thereon. 

Ben Hummel and Bob Stedfeld, who have 
shared associate managing editor responsibili- 
ties since 1956, now have individual titles, Ben 
is our new Executive Editor, and Bob is the 
one-and-only Managing Editor. 

The next two in the line-up, Leo Spector 
and Bill Miller, have been promoted to Senior 
Associate Editors. Leo joined us as an assistant 
editor in 1951 and was made an associate 
editor two years later, Bill celebrates his fifth 
anniversary here by adding “Senior” to his 
original title. 


—for the Mechanisms-Minded 


This issue contains the final installment of 
the series, “Mechanism Design,” a group of 
articles which has brought a good many re- 
quests for tearsheets. Like it says on Page 133, 
these articles were based on a paper (“Four 
Cornerstones of Kinematic Design,” by Thomas 
P. Goodman) given at the Sixth Conference 
on Mechanisms held at Purdue University. 

Fifteen other papers besides Mr. Goodman’s 
were presented at the 1960 Conference. Six 
more will appear in Macuine Desicn, and all 
of them are available in reprint form. Copies 
can be obtained for $2 each from Reader’s 
Service Dept., Macuine Desicn, Penton Bldg., 
Cleveland 13, Ohio. 


—(biquitous Politicians 


A friend of ours found himself sitting in 
an airliner whose take-off had been delayed for 
some time, so he asked the stewardess if she 
knew what was wrong. “Oh,” she said, “there’s 
just a little mechanical difficulty, It’s the gov- 
ernor .. . or maybe it was the senator.” 


—1ook for a Book 


First of our double-headers for 1961, the 
January 19 issue will be in two parts: Part 1, 
the normal issue; Part 2, The Seals Book. 

This reference book, the second volume in 
Macuine Desicn’s handbook program, will 
tell you almost everything you need to know 
about training seals, packings, and gaskets to 
do their jobs properly. The book is in two 
sections, a Design Data section and a Product 
Directory. In the first section, 14 chapters on 
dynamic and static seals tell how to select and 
apply. There is also a glossary of terms and a 
compilation of standards. The Product Direc- 
tory, divided into eight sections according to 
different seal categories, tells who makes what. 
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WANT TUBING 
INA 
HURRY ? 


Need a small amount of fine seamless 
tubing in non-standard sizes for proto- 
types, experimental work, test models 
or pilot runs? 


It’s possible UNIFORM TUBES can sup- 
ply it from stock—and give you 
immediate delivery at a reasonable, 
minimum-order charge. 


UNIFORM TUBES stocks thousands of 
pieces of seamless tubing in a wide 
variety of materials—alloys of alumi- 
num, copper, nickel, steel, glass-to- 
metal sealing, etc.—in sizes from .625” 
to .005” O. D. and wall thicknesses 
down to .001”. These pieces are over- 
runs on regular close-tolerance pro- 
duction orders, economically made 
and stocked for your convenience on 
preliminary design or parts fabrica- 
tion set-up work. 


Write or phone your needs. We will 
help you if we can—anticipating your 
volume requirements later on. 


SS 
UNIFORM TUBES, 


INC. COLLEGEVILLE 2 A 


HUxley 9 76 TWX 


Circle 541 on Page 19 
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SUPER-SPEED-SUPER-POWER 








Ys the price of a punch press die. 





from this 
2),” Bore 
AIR 
CYLINDER 


Model BNSSEM-SC Super- 
Speed Air Motor equipped 
with electrically-operated 
valve. 





This special machine designed and built in the plant of Electro-Mechanical 
Products Co., clamps and pierces 3 holes in 20,000 pieces per day. It uses 
3 Bellows Super-Speed Air Cylinders and a Bellows Air Motor. Set-up cost 











This Super-Speed® Bellows Air Motor® is 
so powerful it can drive a 1/2” hole 
through 1/16” thick steel. The piston rod 
moves at a speed six to ten times the speed 
of an equivalent sized air cylinder. 


That’s why the Super-Speed is an ideal 
answer to many piercing, staking, form- 
ing, riveting, stamping, swedging and 
similar operations. 


The Super-Speed Air Motor uses the basic 


Bellows integral valving system with built- 
in operating and speed controls. Only one 
air connection is required which can be 
flexible hose. The directional valve may 
be either the low-voltage (8-12V) Electro- 
aire® Valve or the finger tip control 
manual valve. One bore size, 2-1/2”. Four 
standard stroke lengths, 4”, 6”, 9” and 12”. 


Write for Bulletin SS-5R. Address Dept. 
MD-161, Bellows-Valvair, Akron 9, Ohio. 


More than 200 Bellows-Valvair Field Engineers are at your service 














AKRON 9, OHIO 


DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION 


Bellows Valvair 
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Pettibone Wood 


Cement Bulker provides 


more efficient metering : 2 
with Wichita Clutch 


Control of quantities of materials 
with Wichita Clutch is one of the most 
important keys to building good soil cement. 


Whether you require clutching or braking for 
accessory equipment or rugged main power drives, 
it will pay you to investigate Wichita equipment. 
For suggested ideas, write for the Wichita Catalog. 


CONTACT YOUR NEAREST WICHITA ENGINEER 


Clutch & Control Engineering Co., Livonia, Mich. Allied Transmission Equipment Co., 
Fremont & Lewis, Inc., Cincinnati, Ohio Kansas City 8, Missouri 
W. G. Kerr Company, Pittsburgh, Pa. Donald E. Harman, Dallas, Texas 
Smith-Keser & Co., Avon, Conn., C. Arthur Weaver, Richmond, Virginia 
Philadelphia 4.4, Pa., and New York, N.Y. Malcolm S. Cone, Memphis, Tennessee 
Frank W. Yarline Co., Chicago, Illinois Dominion Power Press Equipment, Ltd., 
Larry W. McDowell, Long Beach, California Burlington, Ontario, Canada 
Andrew T. Lobel, Denver, Colorado R. E. Kunz, Seattle 4, Wash. 
Robert R. King Co., Cleveland, Ohio Norman Rupp Co., Portland 4, Ore. 
Morman Williams, Houston, Texas Bates Sales Co., St. Louis 1, Mo. Write for Wichita General Catalog 
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“‘Here’s Scotseal,’’ said C/R 


Premature wheel oil seal failure—often within the warranty a special, ideal sealing surface and made it integral with 
period—was plaguing a major truck manufacturer. This the seal. The lip runs on this surface, not on the shaft or 
was costly. One seal replacement took three hours labor and bore. In operation, centrifugal force creates positive, con- 
three hours tractor downtime—important money to ‘the stant contact for leak-free performance. Also, the seal lip 
maker, dealer and buyer. Then C/R found an answer to is completely encased and pre-lubricated, protecting it 
the problem. A unique, new design called the C/R Scotseal* against damage in handling and assembly. This remark- 
was submitted and tested . . . then tested again and again. able seal merits your consideration wherever high produc- 
First result: C/R Scotseals repeatedly ran 100,000 miles tion runs are involved; where oil retention is difficult; and 
and more with no sign of failure. Second result: they’re ap- where equipment downtime and replacement costs are 
proved now for every truck tractor this manufacturer makes. critical. The savings it can afford you and your customers 

Just why does this seal go 100,000 miles? C/R developed may far outweigh the additional cost of this top-quality seal. 


Write for your copy of C /[R Scotsea/* Bulletin SS-100. 





 GHIGAGO RAWHIDE MANUFACTURING COMPANY 
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OIL SEAL DIVISION: 1221 ELSTON AVENUE e CHICAGO 22, ILLINOIS 
Offices in 55 princiz» cities. See your telephone book. 
In Canada: Chicago Rawhide Mfg. Co. of Canada, Lid., Brantford, Ontario 
Export Sales: Geon International Corp., Great Neck, New York 


C/R Products: C/R Shaft & End Face Seals « Sirvene (synthetic rubber) molded pliable parts 
Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-metallic Gears. *Reg. U. S. Pat. Off. 
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